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A Comparison of the Injury to Alfalfa by the Aphids, Therioaphis 
maculata and Macrosiphum pist' 


Tom E. Mirrier? and Epwarp S. Sytvester, University of California, Berkeley 


ABSTRACT 


The fluid and nutrient drain imposed on alfalfa’ seedlings 
Medicago sativa L. var. Caliverde) by the feeding activity of in- 
dividual spotted alfalfa aphids (Therioaphis maculata (Buckton)) 
and pea aphids (Macrosiphum pisi (Harris)) was determined and 
related to the plant injury inflicted by these species. The fluid 
loss was estimated from the rates of excretory and nonexcretory 
water loss of the two species throughout their nymphal develop- 
ment. The rate of excretory water loss, or rate of excretion, was 
determined from measurements of the frequency and volume 
with which honeydew droplets were excreted. The nonexcretory 
water loss was determined by measurements of loss in weight of 
starving aphids. The nutrient drain was estimated from deter- 
minations of the gain in live and dry weight of the aphids and the 
amount of sugar excreted by them during their development. 
The severity of the plant injury was estimated from the gains in 
weight of fresh green above-ground portions of infested and un- 
infested alfalfa The results that during 


seedlings indicated 


Recent studies by Dickson et al. (1955), Diehl & Chat- 
ters (1956), Paschke & Sylvester (1957) and Nickel & 
Sylvester (1959) have indicated that certain symptoms 
shown by alfalfa plants infested by the spotted alfalfa 
aphid, Therioaphis maculata (Buckton) are the result of a 
toxemia. Apparently 7. maculata introduces a_ toxic 
substance into alfalfa plants which acts systemically as 
well as locally, and which presumably is directly or in- 
directly related to plant damage. Injury to alfalfa ranges 
from temporary vein-banding of young leaves and local 
chlorosis to leaf-drop, stunting, wilting, and, in severe 
cases, death of the plants. Little is known, however, re- 
garding the severe stress which the aphids may impose on 
alfalfa plants as a result of their uptake of large amounts 
of the plant’s sieve-tube sap. In order to assess the magni- 
tude of this stress in relation to that imposed on the plant 
by toxin introduction, a comparison was made of the fluid 
and carbohydrate drain resulting from the feeding of 7. 
maculata on alfalfa seedlings with the pea aphid .Macro- 
siphum pisi (Harris). For experimental purposes, it was 
assumed that the pea aphid was relatively nontoxic to 
alfalfa. 

MATERIALS AND Mernops. 
L. var. Caliverde, seedlings were raised as described by 
Paschke & Sylvester (1957). Stock cultures of 7. maculata 


Alfalfa, Medicago sativa 


61. 


e 


nymphal development the average volume of honeydew excreted 
by M. pisi was some 40% greater than that excreted by T. 
maculata. Because M. pisi may also lose water by evaporation 
at a rate similar to that lost by excretion, the volume of sap in- 
gested by M. pisi is probably twice as large as that injested by 
T, maculata. The relatively smaller rate of water loss by evapo- 
ration found for 7. maculata may account for its greater resist- 
ance to severe desiccating conditions in the field. The increase in 
dry weight of M. pisi was approximately four times that of 7. 
maculata, but the amount of sugar excreted by M. pisi was less 
than one-tenth of that excreted by T. maculata. 

Although the results obtained by previous investigators on 
the toxic effects of T. maculata on alfalfa plants were confirmed 
in part, the present study indicated that the rather considerable 
fluid and nutrient drain which 7. maculata and M. pisi impose 
on alfalfa plants may largely be responsible for the severe injury 
caused by these aphids 


and \. pisi were initiated from field-collected insects and 
maintained on older alfalfa plants in screened cages in the 
greenhouse. Insect transfers were made either with a fine 
camel’s-hair brush or with a micropipette applied to the 
insect’s back. 

To date, the best estimate of the rate of sap ingestion 
by aphids is their rate of honeydew excretion. As shown 
by Auclair (1958) and Mittler (1958a), the rate of excre- 
tion of an aphid (defined as the volume of honeydew 
excreted per aphid in a given period) may conveniently be 
estimated by determining the frequency of excretion 
(defined as the number of honeydew droplets excreted per 
aphid in a given period) and the average volume of the 
excreted droplets. From the work of Schaefer (1938) and 
from a study on WM. pisi (Mittler, unpublished observa- 
tions) it was clear that the rate of water loss by evapora- 
tion from the general body surface of this species was 
considerable and must be taken into account when esti- 
mating the aphid’s rate of sap uptake from its rate of 
excretion. 

On the assumption that aphids excrete most of the 
sugar they ingest, it was decided to estimate the carbo- 


! Accepted for publication December 16, 1960 
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hydrate drain imposed by the two species on alfalfa 
seedlings by determining the amount of sugar excreted by 
the aphids during their nymphal development. It is be 
lieved that the increase in weight of the aphids during 
their nymphal development provided an additional 
measure of the materials removed. As in a previous study 
on 7. maculata (Paschke & Sylvester 1957) the relative 
increase in fresh green weight of infested and uninfested 
plants was chosen as a suitable index of the overall dam- 
age caused by the removal of plant juices as well as that 
due to any toxin injected by the two species. The follow- 
ing methods were developed to determine these quantities 
for individual 7. maculata and M. pisi nymphs and 
adults. 

Frequency of Excretion.—Two-week-old alfalfa seed- 
lings with the first (monofoliate) leaf developed were 
transplanted singly into 3-inch clay pots so that the 
cotyledons extended about one-fourth inch above the rim 
of the pot. Aluminum foil, perforated to allo-~ the seed- 
lings to proirude, was stretched over the pots to provide a 
clean, dry surface on which to rest two halves of a 15-cm. 
Whatman #1 filter paper, arranged so as to completely 
encircle the seedlings. 

Single first-instar 7’. maculata and M. pisi nymphs were 
placed on each of 30 plants. The plants were placed in a 
random design on a greenhouse bench and provided with 
supplementary illumination (tungsten filament lights) to 
extend the daily photoperiod to 16 hours. The soil in the 
pots was moistened by watering the sand in which the 
pots were partially embedded. The experiment consisted 
of three treatments, 30 plants per treatment, using 7’. 
maculata, M. pisi, and an uninfested control, but usable 
records were obtained from only a portion of the aphid 
infested series. Every 12 hours during the 5 to 6 days of 
the aphids’ nymphal development, the filter papers were 
replaced and a record was kept of the cast skins found on 
the papers or on the seedlings. The number of honeydew 
droplets excreted by each aphid during consecutive 12- 
hour periods was subsequently determined by treating the 
papers with ninhydrin (Auclair 1958, Mittler 1958a). 
Pretreatment of the half-circles with brom cresol green 
(Smith 1937) was tried, but the color tended to bleach 
under the lights. 

The droplets excreted by consecutive instars generally 
differed sufficiently in size, position, and sometimes in the 
intensity of the amino-acid/ninhydrin reaction, to allow 
the determination of the total number of droplets ex- 
creted by each instar. The occurrence of a cast skin, either 
on the paper or on the plant, confirmed that a molt had 
taken place, but the appearance and distribution of the 
droplets had to be used to decide whether molting oc- 
curred at the beginning, middle, or end of a particular 
12-hour period. The duration of each instar was therefore 
estimated to the nearest 6 hours, no allowance being 
made for the actual length of the molting period. 

Delayed Development.—A few M. pisi, which appeared 
to be normal first-instar nymphs when selected from the 
stock cultures, proved to have an extremely delayed 
maturation in this and subsequent experiments. Whereas 
normal individuals would attain the adult stage within a 
period of 6 days, these retarded individuals would during 
this time, attain the third instar at most, and even for 





this instar they were small. The word “dwarf” is used in 
this paper to refer to such individuals. 

Droplet Volume.—The volume of individual honeydew 
droplets excreted by each of the numphal instars, as well 
as by 1- and 2-day-old adults, of each of the two species, 
was estimated by measurement of the droplets’ diameters. 
Individual droplets were collected in light mineral oil 
contained in siliconized petri dishes, and measured within 
a few minutes of their excretion under a compound micro- 
scope using a calibrated ocular micrometer. 

In the case of MV. pisi several groups of 5 to 10 aphids in 
each instar were selected from the stock culture and the 
instars maintained on separate plants for 24 hours before 
all the measurements were made of the diameters of the 
droplets of each instar. With 7. maculata, several colonies 
of first-instar nymphs were initiated and the diameters of 
their droplets measured on each of the succeeding 8 days. 

The average volume of the honeydew droplets excreted 
by dwarf JJ. pisi was estimated from a comparison of 
measurements of the diameters of the spots produced (on 
filter papers used for frequency determinations) by nor 
mal and dwarf JJ. pisi and those produced by 7. macu- 
lata. 

Amount of Sugar ELwxereted.-Honeydew droplets, ex- 
creted by individual MM. pisi and 7. maculata during their 
development from first-instar nymphs to the adult stage, 
were allowed to accumulate on 6-inch-square pieces of 
aluminum foil. The total amount of sugar excreted by 
each aphid was subsequently determined using the 
anthrone-colorimetric method of Morris (1948). The 
honeydew was eluted from each foil by immersion in 25 
ml. of water. The total amount of sugar excreted by 7. 
maculata was estimated from a 4-ml. aliquot of each 
25-ml. solution of honeydew, while that excreted by M. 
pist was determined from 4 ml. of a solution of honeydew 
obtained by evaporating the 25 ml. to dryness and redis- 
solving the residue in 5 ml. of water. A standard glucose 
solution was used for calibration. 

Nonexcretory Water Loss.—-Lots of 20 M. pisi or 50 T. 
maculata (adult apterae or fourth-instar nymphs) col- 
lected from the stock cultures were confined in cages 
made either entirely of nylon or silk mesh, tied up in the 
form of tiny sacks by means of silk thread, or of 15-mm. 
lengths of plastic centrifuge tubing, 15 mm. in diameter, 
covered at their ends with nvlon mesh. The cages were 
weighed hourly for 6 hours and again 16 hours later. 
Weights were recorded to the nearest 0.1 mg. In one 
experiment the cages were exposed to greenhouse condi- 
tions, in others the cages were maintained at various 
levels of relative humidity (R.H.) by suspending them 
individually in sealed containers over saturated salt 
solutions. A fine copper wire passing through a small hole 
in the lid of each container was used to suspend the cages, 
so they could be weighed without removing them from the 
containers. The hole in the lid was sealed between weigh- 
ings. Following the last weighing the aphids were removed 
from the cages and the empty cages weighed. 

Assimilation of Aphid Substance.—Sample lots of 
aphids of each species were weighed in instar I and again 
when they reached the adult stage in the experiments on 
the frequency of excretion and sugar excretion. The dry 
weight and water content of the aphids were also deter- 
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mined after maintaining samples of the test population at 
100° C. for 2 to 3 days. The weights were recorded to the 
nearest 0.1 mg. by means of an analytical swing balance. 

Effect of Saliva Injected During Penetration.—To deter- 
mine the effect on alfalfa seedlings of saliva injected 
during stylet insertion independently of that which may 
be caused by the removal of plant materials by prolonged 
feeding, five 7. maculata (late instar nymphs or adult 
apterae) were placed on single alfalfa seedlings and al- 
lowed to insert their stylets during a period not exceeding 
15 minutes, after which time they were removed and 
replaced by another five insects. The procedure was 
repeated 15 minutes later. It was assumed that such an 
operation would give a total of 15 stylet penetrations and 
the injection into the plant tissues of 15 times the amount 
of saliva that would have been injected by a single insect 
in 225 minutes. Fifteen minutes was considered a long 
enough period to allow the establishment of a salivary 
sheath potentially extending as far as the phloem, but too 
short a period to permit the removal of appreciable 
amounts of plant materials from that tissue. The proce- 
dure was repeated with the same plants on six consecutive 
days (giving in effect the amount of saliva that would 
have been introduced by single penetrations of 90 insects). 
A total of 40 such plants were thus treated. A series of 80 
untreated plants was included in the test as controls. Two 
weeks after the termination of the treatment the plants 
were weighed to determine the effect of the introduction 
of such quantities of salivary material on plant growth. 

Liffects of Feeding on Plant Growth. 
adults of either species were allowed to reproduce on 
single 2-week-old alfalfa seedlings for 2 days after which 
time the adult aphids were removed. Their progeny were 


Two apterous 


allowed to remain on the plants for another 5 days, after 
which time all the insects were removed. During the week 
of infestation, a daily note was taken of the number of 
aphids present on each seedling in order to estimate the 
number of aphid-days of attack to which the plants were 
subjected. No cages were used to confine the aphids on the 
plants. Two weeks after the removal of all aphids the 
aerial part of each seedling was weighed, using a torsion 
balance. Fifty individual plants were used for each aphid 
species. The experiment was designed as a randomized 


Table 1.—Excretion of honeydew droplets by 7. maculata 
and M. pisi during their development from first-instar 
nymphs to adults on Caliverde alfalfa seedlings. 








Duration or MeraN No. or FREQUENCY OF 
Apnip No. or In INsTans" DROPLETS PER EXCRETION 
Spectres RecoRDS STAR HK INSTAR DROPLETS HR 
7 lata >] I 10-8 5.8 R58 22. 9° 1.74+ 0.82 
21 II 7.4 8.7 58.1 15.5 1.67+ 0.65 
a | Il 10.3 7.1 119.14 54.5 300+ 0.28 
22 I\ 31.94 10.5 82.6+ 42.6 2.48+ 0.84 
My , l 19.4 rf 6.2 1.6 0.32+0.18 
normal 27 II 1.3 4 12.8+ 4.5 O.414 0.15 
” lil ( >. ¢ 12.0 t.5 0 +O.10 
,¢ I\ 9 9 13.2 t.5 0 0.10 
dwarf ] #0 i] O85 
Il 4.0 61.5 1.14 
Hil 100 62.0 1.72 
* From molt to molt, inclusi 
From first to last droplet, i 
Standard deviation 
* For explanation of the term ““dwa © tex 
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Table 2.—Volume of the honeydew droplets excreted by 
T. maculata during 8 days of development from first-instar 
nymphs to the first day of reproduction on Caliverde alfalfa 
seedlings. 





No. or DropLtets Mean Dropuer VoL- 


Day MEASURED UME (cu.MM. X 107°) 
l 24 2.1+0.8 

2 46 4.1+1.8 

] 58 a ke 

f 24 TAZA 

5 24 12.1+1.2 

6" 24 16.3+6.7 

7 24 18.4+2.9 

s' 24 20.4+4.4 





® Adult stage reached on this day 
” First day of reproduction. 
© Standard deviation. 


block of 3 treatments (2 aphid species and a check) 10 
plants per treatment, 5 replications. 

Resuuts.—F requency of Excretion.—The results of the 
tests to determine the frequency of excretion of the two 
aphid species are given in table 1. Since nymphs were 
selected from the stock culture and placed on the test 
plants, the duration of the first instar is probably slightly 
longer than the data would indicate. With M. psi, the 
total time taken to complete the four nymphal instars was 
between 5 and 6 days (average of 126.9 hours), with an 
average of 44.2 droplets of honeydew being excreted 
during this time. A similar period was required by 
T. maculata to complete its nymphal development 
(average of 129.9 hours), but the average number of 
droplets excreted per individual during this period was 
almost seven times that of VW. pisi (@.e., 295.6 droplets). 
Noteworthy is the performance of two dwarf M. pisi 
(table 1). The amount of time each spent in each instar 
was longer than that of the normal individuals (almost 
twice as long), but the frequency of droplet excretion was 
much higher (3 to 5 times as great). 

Droplet Volume.—The average volume (cu.mm. X 10™) 
of the honeydew droplets excreted on each of 8 consecu- 
tive days of development of 7. maculata from instar I is 
shown in table 2. The adult stage was reached on the 
sixth day and the first nymphs were born on the eighth. 
In order to estimate the average volume of the droplets 
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Table 3.—Volume of the honeydew droplets excreted by 
the four nymphal instars and by one-day-old apertous adults 
of M. pisi. 





M. prt 

Normal Dwarf T. maculata® 

Mean Mean 

Droplet Droplet 

No. of Mean Drop No. of Volume Volume 

Droplets let Volume Droplets cu.mm cu.mm 

INSTAR Measured x10) Measured X10) x<10°%) 
I 18 18.1+ 5.4% 2 12.6 2.04+2.9' 
Il 25 $3.8+ 11.1 2 15.4 3.64+2.9 
Ill 28 101.8+ 35.7 2 18.1 7.2+2.9 
IV 27 121.5+29.0 12.6+2.9 

Adult 

apterae 47 126.7+31.2 16.7+2.9 





® The comparative data for T. maculata is interpolated from the daily excre 
tion records. 

» Standard deviation 

© Estimated from error variance in the analysis of variance 


excreted by each of the 7. maculata nymphal instars, a 
simple mathematical relationship was needed to relate the 
age of the aphids with the volume of the honeydew drop- 
lets excreted by them. By plotting the logarithm of the 
average daily droplet volume or, for simplicity, the loga- 
rithm of the third power of the average droplet diameter, 
a linear relationship was indicated to hold for the first 6 
days of nymphal development (fig. 1). Assuming linearity, 
a regression equation was calculated by the least squares 
method. From a knowledge of the average duration of 
each instar (table 1) the average volume of the droplets 
excreted by the nymphs at the end of each instar and by 
1-day-old adults was calculated from the regression equa- 
tion and the values are given in table 3. 

In the case of VM. pisi, the average volume of the honey- 
dew droplets excreted by each of the nymphal instars and 
l-day-old adults was obtained by direct determination 
and is given in table 3. As the diameter of the honeydew 
droplets was measured to the nearest division of the 
ocular micrometer (equivalent to 0.074 mm.) and the 
droplet diameters ranged from 2 to 10 divisions, the 
maximum error involved in the individual volume meas- 


Table 4.—Rate of excretion of honeydew by 7. maculata 
and normal and dwarf M. pisi during their development from 
first-instar nymphs to the early adult stage. 





Mean VotumeE MEAN Vo_uME 


APHID PER Hour PER INSTAR 
SPECIES INSTAR (cu.mMM. X10 (cu.MM.X 10 
T. maculata I 3.5+1.1° > 71 
Il 6.0+0.8 224.6 
Ill 22 .0+2.7 870.3 
IV 31.0+2.7 998 5 
Adult apterae 41.4! 994. 0 
M. pis I 5.8+0.6 > 118.5 
normal II 22 .1+13:6 552.8 
Ill 33.0+3.0 1,208.2 
IV 39.0+2.8 1,618.7 
Adult apterae 1.0! 979 . 2 
M. pisi I 10.0 > £80 
dwarfs II 17.0 918 
Ill 31.0 >1,116 





® Standard error. 
» Calculated assuming frequency equal to that of fourth-instar nymphs 
© Calculated for a 24-hour period. 
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urements ranged from 10% for the larger droplets to 
100% for the smaller droplets. 

Assuming that droplets of equal volume produced spots 
of equal diameter on filter paper, the average volume of 
the droplets excreted by the two dwarf ./. pis in instars | 
and III was established. The average diameter of the 
droplets excreted by the dwarfs in instar I approximated 
that excreted by instar [IV 7. maculata nymphs, and that 
of the dwarfs in instar III approximated that of instar I 
M. pist nymphs. The mean of these values was used for 
that of dwarfs in instar IT. The resulting volume estimates 
are given in table 3. 

Rate of Excretion.—The rate of excretion, a product of 
the mean frequency of droplet excretion and the mean 
droplet volume, was calculated for each of the four 
nymphal instars and young adults of 7. maculata and MM. 
pisi, and the results are given in table 4. An estimate of 
the variance for the mean rate of excretion (07,2) was made 
by use of the following formula: o7,?=fo,?+ 0077, where 
a7? and o,* are the variances of the mean frequency of 
excretion and droplet volume, respectively, and f, ?, are 
mean frequency and volume, respectively. 

The data indicated that .V/. pis? excreted an estimated 
average total volume of 4.47 cu.mm. of honeydew during 
some 6 days (151 hours) of development, beginning with 
first-instar nymphs and including approximately 24 hours 
of adult life. The comparable estimated total volume of 
honeydew excreted per individual 7. maculata was 3.16 
cu.mm. in 154 hours. It appears therefore that on reach- 
ing the adult stage, an individual WV. pis? aphid has ex- 
creted 40% more honeydew than the smaller species. 

The data indicate that the rates of excretion of dwarf 
M. pisi do not differ greatly from those of normal M. pis: 
nymphs in instars I, II and III, in spite of the large 
differences in the frequency and size with which the 
droplets are excreted. During the first three instars the 
dwarf MM. pisi excreted an average of 2.5 cu.mm. of honey- 
dew in 132 hours as compared with 1.9 cu.mm. in 87 hours 
by the first three instars of normal individuals, and 3.5 
cu.mm. in 127 hours by the first four instars of normal 
individuals. 

Amount of Sugar E-xcreted.- Individuals of T. maculata 
excreted almost 10 times the amount of sugar throughout 
their nymphal life as VW. pist during the same develop- 
mental period (table 5). Althongh no dry-weight deter- 
minations were made of the total amount of matter 
excreted by the two species, visual inspection of the pieces 
of aluminum foil on which the honeydew droplets were 
collected confirmed that 7. maculata had excreted consid 
erably more matter (quite apart from the larger number 


Table 5.—Amount of sugar excreted (expressed as mg. of 
monosaccharide) by T. maculata and M. pisi during their 
development from first-instar nymphs to the adult stage of 
Caliverde alfalfa seedling. 





HoNnrYDEW 
Mean Weicur SuGar Con- 


APHID NUMBER OF OF EXCRETED = CENTRATION 

SPECIES ESTIMATIONS SuGar(ma.) (% wr./von. 
T. maculata 24 0.303 +0.0948 9.58 
M. pisi 34 0.035 +0.022 0.77 





® Standard deviation 
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hi 
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of droplets excreted) than MW. pist. A difference in the 
appearance of the dry honeydew droplets on the alumi- 
num foil was observed in that the small droplets excreted 
by 7. maculata remained hemispherical and glassy-clear 
while drying, whereas the larger droplets excreted by 
M. pist left hardly more than an ill-defined transluscent 
spot of fine crystals. This fact was probably caused by the 
tenfold, or larger, difference in the sugar concentration of 
the honeydew droplets excreted by M. pisi (0.77% w/v) 
maculata (9.58% w/v), but may 
possibly also have been caused by other chemical differ- 
ences. Although the total sugar concentration of the 
measured directly these 


as compared with 7. 


honeydew droplets was not 
values were calculated from the data on the total volume 
of honeydew and amount of sugar excreted by the two 
species during their nymphal development. 

Nonexcretory Water Loss.—The percentage loss in body 
weight per hour by MW. pisi and 7. maculata during 6 to 22 
hours of starvation at various temperatures and R.H. is 
shown in table 6. Figure 2 expresses graphically the hourly 
percentage loss in body weight of the two species during 6 
hours of starvation at a mean temperature of 26°C, <1% 
and 55% R.H. It is evident from the results that the rate 
of nonexcretory water loss of both species at 26° C. is 
almost linear during the first 6 hours of starvation, and 
that it is greater at the higher temperatures and lower 
R.H. to which the aphids were exposed. Under the most 
severe desiccating conditions tried, namely <1%% R.H. 
and a mean temperature exceeding 30° C., M. pisi and T. 
maculata lost more than one-third of their body weight 
during 6 hours (43.2% and 38.0%, respectively), and all 
M. pisi but none of the 7. maculata died during this time. 
At a lower mean temperature of 23° C. and <1% R.H.a 
percentage weight loss of 48.2 and 46.3, respectively, was 
reached only after 22 hours of exposure, and only a few 
M. pisi died during this time. At 23° C. and 55% R.H. the 
percentage loss in body weight in 22 hours was 27.1 and 
25.8 for M. pisi and T. maculata, respectively. From the 
1% R.H. 
they were considerably more active than when exposed to 
higher R.H. It may be calculated that under the moderate 
and 55% R.H. an adult M. pis? 
weighing 2 mg. would lose 24 107% mg. (7.e., 1.2% of 2 
of water per hour by evaporation, and consider- 


moment .V/. pist individuals were exposed to ; 


conditions of 23° C. 


mg. 
ably more than this under more desiccating conditions. As 
the excretion rate of adult JJ. pisi of the same weight was 
found to be approximately 41.0 X 107% cu.mm. per hour, it 


Table 6.—Percentage of body weight lost by evaporation 
per hour by 7. maculata and M. pisi as a function of tem- 
perature and relative humidity. 





MEAN RELATIVE SPECIES 
TEMPERATURE Humipiry 
Cc %) T. maculata M. pisi 
23 <I 2.1 29 
oD 1.2 1.2 
26 I 3.4 3.6 
22 2.0 
55 1.2 1.5 
100 0.0 
>30 <] 5.5 6.2 
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Fig. 2.—Relation between the accumulated percentage weight 

loss and hours of starvation at <1% and 55% relative humidity 

both at 26° C.) of M. pisi and T. maculata, The regressions cal- 

culated from the plotted data (solid circles for M. pisi, open for 

T. maculata) are indicated for each line (solid for M. pisi and 
broken for 7. maculata). 


follows that the aphid is losing more than half as much 
water by evaporation as by excretion, and that its feeding 
rate is approximately 60° greater than indicated by the 
rate of honeydew excretion. An adult 7. maculata, on the 
other hand, weighing 0.46 mg. looses only 5.5 X 10™ mg. 
(7.e., 1.2% of 0.46 mg.) of water per hour while excreting 
t1.4X107% cu.mm. of honeydew per hour. The rate of 
water loss by evaporation from the general body surface 
of this species is therefore only 13% of its rate of honey- 
dew excretion. It may thus be calculated that single WV. 
pisi could ingest as much as 7.2°cu.mm. of sap and excrete 
only 4.5 cusmm. as honeydew, while 7. maculata individ- 
uals ingest 3.6 cu.mm. and excrete 3.2 cu.mm. during their 
development from instar I to the adult stage. 
Assimilation of Aphid Substance.—During development 
from the first instar to the adult stage the increase in dry 
weight of JJ. pist is 3.8 times greater than that of 7. 
maculata (table 7). The increase in dry weight of VM. pisi 
per unit volume of sap ingested (0.191 mg./7.2 cu.mm. 


Table 7.—Mean amount of aphid substances synthesized 
by T. maculata and M. pisi during their development from 
first-instar nymphs to 1-day-old adults on Caliverde alfalfa 
seedlings. 





MEAN INCREASE 
No. Apuips Live tn Dry 
APHID iN Lots WeicHt WATER Wercut 
SPECIES STAGE WeEIGHED MG.) (%) (mG.) 
T. maculata Instar I 96 0.031 
Adults 22 0.464 87.3 0.055 
VM. pisi Instar I $2 0.098 
Adults 26 2.169 90.8 0.191 
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Table 8.—Effect of the salivary sheath secretion of T. 
maculata on the fresh weight of Caliverde alfalfa seedlings. 





Mean Fresu 


GREEN Dirrer 
Weicut oF ENCE IN 
No. or PLANTS Means 
TREATMENT PLANTS (Ma.) (ma.) t p 
With aphids 40 208.5+ 75.5" 12.9 0.96 <.50 
Without aphids 80 195.6+ 66.2 





® Standard deviation 


=().027 mg./cu.mm.) is, however, only 1.8 times greater 
than that of 7. maculata (0.055 mg./3.6 cu.mm.=0.015 
mg./cu.mm.). 

Effect of Saliva Injected During Penetration. The 
amount of saliva introduced into seedlings by approxi- 
mately 90 penetrations had no harmful effect upon plant 
growth as measured by fresh green weight of the aerial 
parts of the seedlings 2 weeks after termination of the 
test (table 8). 

Lffect of Feeding on Plant Growth.—The feeding of M. 
pisi stressed the seedlings to a much greater extent than 
that of 7. maculata (table 9). This is true whether the 
mean fresh green weight of the samples is considered or a 
comparison made of the loss of fresh green weight per 
aphid-day of attack. The latter method is probably the 
more satisfactory for comparative purposes since be- 
havioral differences between the two species were evident. 
M. pist had a strong tendency to leave the plants when 
stress symptoms appeared. 7. maculata, especially the 
nymphs, tended to remain on the plants throughout the 
experimental period in spite of the development of in- 
creasingly unfavorable host plant conditions. In any 
event, the average loss in milligrams per plant per aphid- 
day of attack by M. pist (2.5 mg.) was found to be ap- 
proximately three times greater than that inflicted by 7. 
maculata 0.75 mg.), confirming results of previous studies 
of T. maculata (Paschke & Sylvester 1957). It was further 
evident from the present study that without the factor of 
host desertion, in the case of M. pis7, all the seedlings 
might have been killed during the course of the experi- 
ment. In fact, some of the plants fed upon by this species 
were killed although the aphids deserted them early in the 
experiment. 

Discussion.—The damage to alfalfa through infesta- 
tions of 7. maculata has been well attested to, but until 
some comparative work is done with a nontoxic species, it 
cannot be determined how much of the total damage is 
due to a toxemia, and how much is due to the removal of 
relatively large quantities of phloem liquids. In effect, an 
aphid colony establishes a number of additional “sinks” 
(nonproductive areas into which nutrients must be trans- 
located such as buds, flowers, etc.) upon a plant which 
must be supplied out of the plant’s metabolic capability. 

M. pisi was selected to represent a nontoxic species for 
comparative purposes, in spite of the fact that it was 
known to produce tip distortion on older alfalfa plants. 
However, it was hoped that a comparison could be made 
in order to partially separate the toxemia and the stress 


factors. 

The results indicated that either the symptoms of 
debilitation of alfalfa seedlings are caused by a drain 
imposed by the insects feeding upon the plants, or that J/. 


pist is as toxic, if not more so, to seedling Caliverde alfalfa 
as 7’. maculata, A stress-toxemia interaction in the case of 
both species may exist. Failure to test the toxin hypothe 
sis per se has been disappointing, but the results serve to 
emphasize how little is known of the general effects of 
removal of phloem sap from young plants upon their 
future health, as well as the general area of insect-induced 
toxemias. 

It became evident that alfalfa plants would be covered 
with many more sticky honeydew droplets when infested 
by a given number of 7. maculata than when infested by 
an equal number of ./. pist. The former species was found 
to secrete a larger number of honeydew droplets of greater 
sugar concentration. The observation of Auclair (1958) 
that the honeydew droplets excreted by VW. pisi did not 
stick to the surface of pea plants was not confirmed with 
alfalfa. Auclair (1958) gave a value of 1.3 for the specific 
gravity of honeydew excreted by MV. pisi feeding on pea, 
which is equivalent to a sugar concentration of more than 
80% w/v. This contrasts strongly with a concentration 
of less than 1% w/v estimated in the present study when 
the species was fed on alfalfa seedlings. This low sugar 
concentration is surprising, especially since the high rate 
of water loss by evaporation from \/. pisi should give a 
more concentrated honeydew than that excreted by 7. 
maculata which has a relatively lower rate of water loss. 

The presently available information on rate of honey- 
dew excretion by aphids gives a close agreement for 
various results with J. pisi (2% to 3.5% live weight per 
hour (Schaefer 1938, Auclair 1958). 7. maculata, on this 
basis, excretes 2 to 4+ times this rate. Other species, both 
with and without the modification of the alimentary 
canal to form the filter chamber, have been found to equal 
or to exceed this rate of excretion by 7. maculata (Wat- 
son & Nixon 1953, Day & Irzykiewiez 1953, Mittler 
1958a, Banks & Nixon 1959, Kloft 1960). 

Although MV. pisi can severely damage young alfalfa 
seedlings, 7. maculata might constitute a more serious 
threat to alfalfa crops in California for several reasons. 
For example, 7. maculata was better able to survive 
severe desiccating conditions (more than 80° C. and <1% 
R.H.) than was MV. pis?. Furthermore, W/. pisi exhibited a 
strong tendency to disperse from weakened plants, 
whereas the smaller 7. maculata tended to persist in 
greater numbers for longer periods. Finally, the early 
abandonment of damaged hosts by J/. pisi tended to 
allow the plants to begin recovery processes sooner than 
in the case of infestation by 7. maculata. 

Previous investigations by Paschke & Sylvester (1957 
and Nickel & Sylvester (1959) on the toxic effects of T 


Table 9.—Fresh weight of Caliverde alfalfa seedlings in 
relation to infestations by 7. maculata and M. pisi. 





Mean Fresa Mean No. or Lossin Weicut' 





No. OF Green Weight Apuip-Days per Apiip-Day 
TREATMENT PLANTS MG OF ATTACK MG. APHID-DAY 
With aphids 
", maculata 50 65.00+ 39.16" 88.16+ 27.708 0.75 
M. pisi 9 34.11+21.96 37.06+ 14.02 5 
Without aphids 50 126.76+ 48.58 zero zero 
L.S.D. .01 =20.55 mg., for differences in fresh green weight 


* Standard deviation 


Deficit compared to plants without aphids 
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maculata on alfalfa plants did not attempt to separate the 
effects of saliva injected by the aphids from those due to 
the removal of phloem material. The latter investigation 
showed, however, that symptoms of local chlorosis and 
yellow veinbanding were not due to penetration and 
sheath establishment alone, but were a function of the 
entire feeding cycle. The present investigation confirms 
the view that the salivary sheath secretion in itself is 
relatively inert. Recent observations by Miles (1959) with 
Aphis craceivora Woch indicated that at least two types of 
saliva may be secreted; one of these forms the familiar 
gel-like salivary sheath, while a watery nonsolidifying 
component is apparently secreted during and subsequent 
to sheath formation. If this report is generally true, the 
findings of Nickel & Sylvester (1959) can be most simply 
explained by assuming that a nonsheath forming toxic 
component is introduced into the plants continually 
during feeding. This explanation can be supported by the 
findings of Carter (1945) that a diffusible material was 
injected into agar by the pineapple mealybug, although it 
was not established whether this material was secreted as 
part of, or separately from, the salivary sheath material. 
Analyses of salivary components has just begun, but 
amino acids occur in the saliva of Liosomaphis (Neomy- 
zaphis Walk.) (Kloft & Ehrhardt 1959) and 
Viteus (Phyllovera) vitafolii Shimer (Anders 1958). The 
latter reports that amino acids are associated with the 


ahie vita 


gall-inducing effect of this insect. 

If, on the other hand, 
that 
sheath, the toxic symptoms as well as the severe stunting 


it were shown that 7. maculata 


injects only material which forms the salivary 
would result from the drain of elaborated materials from 
the plant’s translocation system. In any event, the re- 
moval of large amounts of nutrient sap by 7. maculata 
and M. pist should result in a reduction in the growth of 
infested plants. That the reduced growth, can, in fact, be 
accounted for by the nutrient drain imposed by aphids ts 
indicated by the following calculation: a loss in fresh green 
weight of 61 mg. after 88 aphid-days of attack by T. 
maculata is equivalent to 6.1 mg. of dry weight (90°, 
water). If the mean daily rate of sap ingestion by a single 
T. maculata during its nymphal development is 0.6 
cu.mm., (3.6 cu.mm. 6 days) and the sugar concentration 
then 88 


aphid-days of attack are equivalent to a drain of 5.3 mg. 


of the ingested sap is approximately LO°, wv, 


dry weight. For 37 aphid-days of attack by J/. pis’, the 
corresponding values for the loss in fresh and dry weight 
92 mg. and 9.2 mg., 


would be respectively, whereas a 


mean daily rate of ingestion of 1.2 cu.smm. (7.2 cu.mm. 6 
days) of sap (also assumed to have a 10°7 sugar concen- 
tration value of 4.4 for the drain in dry 
weight. Although only the aerial parts of the seedlings 


were weighed, it is unlikely that the plants could maintain 


Yives a my. 


their normal rates of growth and also supply aphids with 
such large amounts of materials. 

Although the results of the present study do not rule 
M. pist 


maculata, the relatively 


out the distinet possibility that is as toxic or 
perhaps even more toxic than 7’, 
greater plant damage caused hy V. pst per aphid day of 
attack may simply be due to the greater stress this species 
places on its host plant through its greater capacity to 
ingest plant sap. This greater capacity undoubtedly is 
related to the relatively larger size of the species and to 
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the larger lumen of its stylet food canal (Mittler 1957). 

A primary assumption made in the interpretation of the 
present results was that /. pisi and T. maculata ingest 
sap of the same composition and concentration. The large 
difference in sugar concentration of the honeydew ex- 
creted by the two species presents a serious difficulty in 
accepting this assumption. 

An explanation for the few dwarf J/. pist individuals 
(which appeared to be normal first-instar nymphs when 
transferred from the stock cultures) awaits further study. 
As the aphids developed singly on individual seedlings it 
was not possible to decide whether the retarded develop- 
ment was caused by some nutrient deficiency or whether 
such individuals differed genetically or physiologically 
from the other normal members of the culture from which 
they were taken. The demonstration by Mittler (1958b) 
that a nitrogen deficient sieve-tube-sap supply was 
associated with a retarded and dwarfed development of 
the willow aphid, Tuberolachnus salignus (Gmelin) (con- 
comitant with a high frequency and rate of excretion and 
low droplet volume), would suggest that the dwarf J. 
pis’ resulted from a nutritional deficiency. 
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Field Experiments on Control of Overwintered Boll Weevils' 


R. E. Fyre, A. R. Hopkins, and R. L. Wacker, Entomology Research Division, Agric. Res. Serv., U.S.D.A2 


ABSTRACT 

Field experiments at Florence, S. C. (1956-1959) strongly 
indicated the value of an insecticidal control program that 
started just prior to the formation of the first squares on the 
cotton plant and was directed primarily at the overwintered 
boll weevil (Anthonomus grandis Boh.). Karly insecticide ap- 
plication programs conducted prior to July 1 were nearly as 
effective as the same programs with additional later sprays when 
the infestation reached 10%. In 1958 the 10% level was not 
reached for 5 and in 1959 for 4 weeks after the early program 
was discontinued. There was some tendency for bollworm build- 
ups when the early program was practiced 


Field experiments to determine the effectiveness of 
early season control spray programs against boll weevils 
(Anthonomus grandis Boh.) that had overwintered and 
were in the process of producing their first brood of the 
year were conducted at Florence, 8. C., during the period 
1956-59. Studies on the fruiting habits of the cotton plant 
were conducted in 1958 and 1959 in connection with these 
experiments. 

In field experiments at the same location in 1938 Bondy 
(1939) reported that presquare treatments of calcium 
arsenate applied by several methods directed at the over- 
wintered boll weevil delayed the date when a 10% square 
infestation was reached and reduced the number of later 
dust applications needed for seasonal control. He believed 
that applications begun at the 10% infestation level 
afforded the most economical gains, but his highest yields 
were in plots receiving both early and late season applica- 
tions. Bondy (1942) showed that an early season boll 
weevil control program of mopping presquare cotton with 
a calcium arsenate-molasses-water mixture over a 14-year 
period in South Carolina was valueless. However, when 
early season mopping was followed with a late season 
program with calcium arsenate dust, good increases in 
vield and viet profits were obtained. 

Metuovus AnD Matertiats.— In experiments 1-3, early 
and early-plus-late season applications of Guthion* 
(0,0-dimethy1S-4-oxo-1,2,3-benzotriazin-3-(4//)-vl methy! 
phosphorodithioate), endrin, and/or methyl parathion 
with and without DDT were compared. In experiment 2, 


molasses (a commercial syrup) was added to Guthion and 
endrin at a dilution of 1:1,000 to determine the effective- 
ness of such a combination in attracting the boll weevil to 
the insecticide. Laboratory tests at Florence had indi- 


cated that the boll weevil was attracted to molasses. In 
experiment 4, several insecticides applied early then 
followed by later applications were compared. In experi- 
ment 5, early applications only of methyl] parathion-DDT 
were compared at two intervals of application. In experi- 
ment 6, four early insecticidal applications were made and 
the time required for a 10% infestation to develop after 
the last application was determined. 

Experiments 1—+ consisted of randomized blocks; plots 
ranged from 0.27 to 0.81 acre in size and treatments were 
replicated four to six times. In experiments 5 and 6, full 
fields were used with five replicates of 4 to 7 acres in 
experiment 5 and 10 replicates of 2 to 6 acres in experi- 
ment 6. 

In experiments 1 and 2, infestation records of the boll 
weevil and bollworm (//eliothis zea (Boddie)) were made 
at about weekly intervals by examining 25 squares se- 
lected at random on each of the four center rows of each 
plot. In experiments 3-5, these records were made at 
about weekly intervals by counting all squares on 10 
plants at 10 points selected at random in each plot. In 
experiment 6, adult boll weevils were counted on 50 con- 
secutive plants at four points selected at random per acre 
for a minimum count, or counts were continued in a like 
manner until weevils were found. The number of weevils 
per acre was calculated using row length and width 
measurements. 

In 1958 and 1959 preliminary observations were made 
on the fruiting and maturation of bolls in four fields by 
tagging at weekly intervals all squares developing on the 
plants. Two replicates of 10 plants each were used. 

In all experiments sprays were applied at 5 gallons per 
acre with either a tractor-mounted or a high-clearance 
self-propelled sprayer with three nozzles per row. Yield 
records were obtained from a 1/50-acre area in each plot 
in experiments 1-3 and from a 1, 20-acre area in experi- 
ment 4. 

Resuits.—-The data for the experiments in which all or 
several of the treatments were discontinued prior to July 1 
strongly indicated the value of a control program that 
starts just prior to the formation of the first squares on the 
cotton plant and is directed primarily at the overwintered 
boll weevil. 
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Table 1.—Effectiveness of early and early-plus-late season 
spray applications of Guthion and endrin against the boll 
weevil and bollworm.* Florence, S. C., 1956. 





SEASONAL INFESTATION 


(%)* YIELD OF SEED 

INSECTICIDE Corron' 

(LB. PER A.) Boll Weevil —Bollworm (LB. PER A.) 
Karly 

Guthion 0.25 9.6 0.8 1,770 

Endrin 0.2 11.3 t 1,667 
Early plus late 

Guthion 0.25 8.4 8 1,745 

Endrin 0.2 8.6 t 1,868 
Check, outside 59.5 ] 
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Table 3.—Effectiveness of early and early-plus late spray 
applications at 7- and 5-day intervals of methyl parathion- 
DDT at 0.5-1.0 pound per acre against the boll weevil and 
bollworm.* Florence, S. C., 1958. 





SEASONAL INFESTA- YIELD OF 
rion (%) SEED 
No OF Corron 
ApPLI- Boll Boll- (LB. PER 
‘TREATMENT CATIONS Weevil! worm! a.) 
Karly 
7-day t ll.ja $.8 a 1,240 b 
5-day 6 10.5 a 3.5 a 1,055 b 
Karly plus late 
7-day $+-7 8.lab O.8Bb 1,680 a 
5-day 6+9 6.4b 9b 1,585 a 





® Karly applications: May 25, June 4, 8, 15, 22 and 29; late applications 


July 20, 31 and August 3 
” Differences not statistically significant 
© Total economic loss, grower did not pick field 


In experiment 1 (table 1), endrin and Guthion applied 
at rates recommended for control of overwintered boll 
weevils exercised a suppressive effect sufficient to mini- 
mize the number of applications necessary against later 
infestations. In experiment 2 (table 2), Guthion showed a 
superiority over endrin against later infestations of the 
boll weevil, but endrin’s effectiveness against bollworms 
equalized the two insecticides in overall performance. The 
addition of molasses did not significantly improve the 
effectiveness of either endrin or Guthion in the control of 
the boll weevil. 

In experiment 3 (table 3), no difference in boll weevil 
control was found between 5- and 7-day intervals of appli- 
cation in either the early or the early-plus-late-season 
programs. In this experiment there was a buildup of boll- 
worms in plots receiving the early programs only. Ap 
parently the early applications decimated the bollworm 
parasites and predators at the time when the bollworm 
eggs were being laid. Before effective populations of 
beneficial insects could again be attained, the bollworms 


Table 2.—Effectiveness of early and early-plus late ap- 
plications of Guthion and endrin with and without molasses 
against the boll weevil and bollworm." Florence, S. C., 1957. 





SEASONAL INFESTATION YIELD OF 
os 


/- SEED 
Cort TON 
INSECTICIDE Boll Boll- LB. PER 
LB. PBR A Weevil worm A 
Early 
Guthion 0.25 18.7 be 6.8 2,138 
Guthion-molasses 0.25 26.3a 2.6 1,470 
Endrin 0.2 29.1a 2.0 2 006 
Endrin-molasses 0.2 30 0a 5.5 1,985 
Early plus late 
Guthion 0.25 is.1 5.1 2,105 
CGuthion-molasses 0.25 12.6 « 1.0 2,141 
Endrin 0.2 24.2ab 2.5 2 071 
Endrin-molasses 0.2 28.7 a 1.1 1,719 





* Early applications: May 24, 31, June 7, 14, 21 and 27; late applications 
July 5, 12, 19, 26 and August 2 
Means followed by the same letters are not significantly different. Means 
followed by different letters are significantly different 
Differences not statistically different 


* First early application June 6; first late application July 4. 
” Means followed by the same letters are not significantly different. Means 
followed by different letters are significantly different 


became a major threat to the early formed bolls. Yields in 
plots receiving the full-season program were significantly 
larger than those in plots receiving only the early pro- 
gram. 

Experiments 4, 5, and 6 showed why so few late sprays 
were necessary. In experiment 4 (table 4), after three 
early applications of several insecticides between June 5 
and 19, a period of 40 days elapsed before a 10% level of 
infestation was reached (July 29). This date was the 
starting point for the later sprays. During this 40-day 
period it was twice necessary to apply DDT at the rate of 
1 pound per acre for bollworm control. Since DDT is 
fairly effective against boll weevils, these applications 
may have delayed the weevil buildup. The 10% level was 
first reached in this field in plots that bordered on an 
untreated cotton field. The practice generally followed by 
the grower is not to use the later applications, but since 
the field was being used for the production of foundation 
seed stock, the later applications were deemed necessary 
for maximum boll protection. 

In experiment 5 (table 5), four and three applications of 
methyl parathion at 7- and 10-day intervals, respectively, 


Table 4.—Effectiveness of spray applications of several 
insecticides against the boll weevil and bollworm.* Society 
Hill, S. C., 1958. 





SEASONAL INFES- YIELD OF 


TATION (% SEED 

CorTron 

Boll Boll- LB. PER 
INSECTICIDE (LB. PER A Weevil? > worm‘ a.) 
Guthion-DDT 0.25-1 8.4 1.7b 1, 834 
Endrin 0.2 10.4 1.4b 1,876 
Toxaphene-DDT 2-1 9.8 L.7b 1, 706 
Toxaphene 2 11.9 3.2a 1,700 
Sevin 24 8.4 2.1b 2,090 
Malathion-DDT 1-1 9.7 1.6b 2,076 
Methyl parathion-DDT 0.5-1 9.9 2.1b 1,970 





* Karly applications on June 5, 12, and 19. Late applications on July 29, 
August 5, 11, and 18; blanket applications of DDT at 1 pound per acre on June 
26 and July 8 

Differences not statistically significant 

© Means followed by the same letters are not significantly different. Means 
followed by different letters are significantly different 

@ t-naphthyl V-methylearbamate 
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Table 5.—Effectiveness of early-season applications of 
methyl parathion-DDT applied at rate of 0.5-1 pound per 
acre at two different intervals in retarding the development 
of boll weevil infestations to the 10‘, level.* Florence, S. C., 
1958. 





AVERAGE TIME 
REQUIRED TO 
Reacu 10% 
INFESTATION 


INTERVAL Bott Weevit? BoLtLworm? (DAYs”) 
7-day* 2.la 1.2b 35.6b 
10-day" 3.3a 1.6b 36.8 b 
Untreated check 10.5 b O.3a 22.44 





® First spray applied June 4 

» Means followed by the same letters are not significantly different. Means 
followed by different letters are significantly different 

© June 425 

4 June 4-24. 


Table 6.—Number of days required for the development 
of a 10‘, boll weevil investation level after four early-season 
applications of insecticides." Florence, S. C., 1959. 





Days To 
Reacu 10% 


NuMBER OF WEEVILS PER Acri 


Pretreat- Average INFESTATION 
ment LEVEL AFTER 
FIELD Count June June JUNE 
NUMBER June 1 1-22 15-22 22-23 
l 166 62.5 36.5 35 
2 352 34.2 $5.0 258 
3 402 132.7 16.0 28 
t 114 412.2 37.5 28 
5 180 81.0 59.0 28 
6 870 272.2 96.5 20 
7 12] 53.0 31.0 29 
SS 500 150.7 27.5 29 
9 200 64.0 14.5 29 
10 141 55.2 24.0 29 
Average 41.8 28.3 
Check 187 93.2 16.6 8 





® Application schedule 
June 3--Malathion, 1 pound per acre 
9—Heptachlor, 0.325 pound per acre 
16--Aldrin, 0.25 pound per acre 
22-—Methy! parathion, 0.5 pound per acre 


that were terminated before July 1, resulted in a 5-week 
period before a 10% level of infestation was reached, 
whereas the untreated check attained this level in 3 
weeks. In actual farming practice in the Coastal Plains of 
South Carolina, 5 weeks of low infestation after July 1 
would cover the entire fruiting period of the cotton plant, 
and if this low-level infestation could be attained for an 


equal length of time after July 1 each year, growers would 
achieve a very economical control program. The 1958 
cotton-growing season, in which this experiment was 
conducted, commenced with one of the lowest overwinter- 
ing populations ever recorded in South Carolina but under 
favorable climatic conditions built up rapidly. In 1959 
when experiment 6 (table 6) was conducted, an average- 
sized overwintering population entered the fields. In this 
experiment an average period of + weeks elapsed between 
the early program and the time when a 10% level of 
infestation was reached. At the same time an untreated 
check field attained the 10°% level of infestation on June 
15 and never again went below that level. Of note is the 
fact that one of the fields in this experiment that had the 
highest number of weevils was the first to reach the 10% 
level of infestation. Results in this field indicate that the 
percentage of kill of the overwintered population is a very 
important factor and that an early season program should 
be conducted with the most effective insecticides. 

In 1958 the observations on fruiting and maturation of 
bolls indicated that the cotton plant set squares that 
developed into mature bolls during an 8-week period only 
(June 12 to July 31). In 1959 similar observations indi- 
cated that this period was 6 weeks (June 9 to July 16). 
The general cessation of fruiting by late July (1958) and 
mid-July (1959) was particularly noteworthy in these 
observations. Later applications of insecticide commonly 
used in the Coastal Plains of South Carolina are therefore 
primarily boll protective in nature. The early fruiting 
habit of cotton varieties in the coastal areas of South 
Carolina indicates the necessity of early season applica- 
tion of insecticides to achieve maximum production and 
the highest quality. These observations on fruiting ex- 
plain the lack of differences in yield in some of the experi- 
ments in which early applications of insecticides were 
compared with early-plus-late applications. 

From the data presented it is evident that control of 
field populations of overwintered boll weevils will reduce 
the number of insecticide applications necessary later by 
delaying population buildups, will protect the early high- 
quality cotton necessary for highest production, and will 
generally give the cotton grower a more economical 
program of insect control. 
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Responses of the Alfalfa Weevil, Hypera postica, 
to Controlled Environments' 


C.S. Korn ier and Groree G. Gyrisco, Cornell University, Ithaca, N.Y. 


ABSTRACT 

Alfalfa weevil, Hypera postica (Gyll.), eggs, larvae, and pupae 
collected in New York were subjected to controlled environ- 
ments in which temperatures and relative humidities were con- 
stant. High humidity was more favorable for egg hatch than 
low humidity at temperatures ranging from 12° to 36° C 
Larval development was more than eight times as rapid at 36 
as at 12° C, On prepupae and pupae, low temperatures together 
with low moisture levels were the most destructive environ- 
ments. The responses to controlled environments of weevil 
stages in New York were not appreciably different from those 
reported for the Western United States 


With the rapid spread of the alfalfa weevil, //ypera 
postica (Gyll.), through many of the eastern seaboard 
states, conjecture has arisen as to why this pest should 
suddenly appear and cause severe economic losses in an 
area formerly considered unsuitable for its survival 
(Manglitz & App 1957, Gyrisco 1958). Dissimilarities in 
the behavior of the weevil in the East, as compared with 
the West, have already been reported (Milliron & Mac- 
Creary 1955, Poos & Bissell 1953, Evans 1959). Likewise, 
differences in behavior have been noted between two 
western North American populations (Peterson 1960). 

Cook (1925) presented evidence in support of a theory 
that in the Western United States, the weevil would be 
limited in its distribution eastward by heavy summer 
rainfall. Reeves (1917), on the other hand, believed that 
conditions in the East would not prevent the insect from 
becoming established there. The work of Sweetman & 
Wedemeyer (1933) tended to corroborate the belief of 
Reeves; on nearly every stage of the weevil studied, 
survival and development was favored consistently by 
conditions of high moisture. 

In view of conflicting reports, it was considered worth- 
while to reéxamine and expand some of the work done by 
Sweetman & Wedemeyer (1933) to gain information on 
the responses to controlled environmental conditions of 
the alfalfa weevil present in the East. Comparisons could 
then be made with the western work. 

EXPERIMENTAL Procepurs.—Constant temperatures 
were established and maintained in insulated cabinets 
which utilized incandescent bulbs as a source of heat. 
Since the cabinets at the higher temperatures required 
that the bulbs burn longer than at the lower tempera- 
tures, all biological material was stored in containers 
which excluded light, to eliminate that obvious source of 
variation. Temperatures used ranged from 12° to 36° C, in 
8° C. increments. The lowest temperature used by Sweet- 
man & Wedemeyer (1933) was 17° C., and was recognized 
by them as being well above the minimum temperature 
for development 

Predetermined humidities were maintained by the use 
of sulfurie acid solutions (Wilson 1921) in wide-mouth, 
screw-cap, quart jars. Stainless steel mesh platforms, built 
into the bottoms of the jars, prevented the acid from 


Table 1.—Influence of constant environments on eggs of 
Hypera postica. 1958-59. 








AVERAGE 


RELATIVE AVERAGE 
‘TEMPERATURE Humipity Harcu INCUBATION 
CE) (%) (%) Prriop (Days) 
12 50 0 
65 7 $4.8 
80 2 63.5 
95 94 42.7 
100 94 55.9 
20 5 5 14.2 
20 2 12.0 
35 6 15.2 
50 5 14.6 
65 18 14.0 
80 67 13.8 
95 100 11.8 
100 S4 11.9 
28 30 0 
35 $ 7.8 
50 24 7.9 
65 43 t8 
80 85 6.5 
95 96 5.8 
100 93 5.8 
36 65 0 
70 10 6.3 
80 14 6.1 
95 76 §.1 
100 83 5.0 





coming into contact with the biological material. Humidi- 
ties utilized ranged from 5% to 95% in increments of 
15°. Not every insect stage studied was subjected to this 
range, however, and additional humidity levels were 
utilized in a few instances. 

Eggs were obtained by confining field-collected adults 
in an oviposition cage. Fresh alfalfa stems, set into vials of 
water, were introduced daily into the oviposition cage, 
and the stems removed were dissected for eggs. The eggs 
obtained, therefore, were known to have been laid during 
the preceding 24-hour period. 

Since preliminary trials indicated that not all eggs laid 
are viable, a sufficient number was used to allow approxi- 
mately 100 viable individuals at each environment. These 
were contained in plastic specimen boxes, which were 
perforated, and examined at daily intervals (table 1). 

Larvae not more than 24 hours old were confined in 
plastic boxes together with alfalfa foliage. The early in- 
stars were fed the more succulent terminal growth. 
Foliage was changed at different intervals depending on 
the temperature, although daily observations were made 
on all individuals (table 2). In no case did any noticeable 
degeneration of the foliage take place between changes. 
All larvae were introduced at conditions of 95% relative 
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Table 2.—Effect of constant temperature on the duration 
of the feeding period of larvae of Hypera postica. 1959. 





NuMBER OF INDIVIDUALS DEVELOPING A1 
TEMPERATURES SHOWN® 


12” ¢ 20° ¢ 28° ( 36° ¢ 
Pupated 


With With With 
No. Days In Co In Co- out Co In Co- out Co In Co- out Co 
Reat IRED coons coonts coonmng coons cooning coons cooning 


3 
2 l 
11 10 1 


89 


Average’ 9.6 


x 


x 
x 
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humidity. At this level, it was found, the foliage persisted 
in a desirable state for the longest time. Humidity levels 
other than 95% were not used in the larval study, since 
the moisture given off by the cut foliage would obliterate 
the humidity originally established, and it is recognized 
that the humidity level, used here probably approached 
100% before the completion of the study. 

Larvae used for pupation studies were collected from 
the field and confined in 1-gallon food containers. Daily, 
fresh alfalfa foliage was added, and the individuals which 
had cocooned were removed. 

Twenty cocooned larvae were placed singly into plastic 
boxes and held at each of 28 different environments. Daily 
observations were made to determine the effect of tem- 
perature and humidity on the duration of the prepupal 
and pupal stages, the time necessary for emergence of 
adults from cocoons, and the percentage surviving to the 
adult stage (table 3). 

Resu.ts AND Discussion.—At all temperatures used, 
conditions of high humidity were more favorable for egg 
hatch than low humidity; this should be expected since 
the majority of eggs deposited in the northeastern United 
States are incubated within living stems. At the two 
extreme temperatures used, i.e., 12° and 36° C., eggs 
entirely failed to hatch except at moisture levels above 
50% and 65%, respectively (table 1). The intermediate 
temperatures, however, permitted successful incubation 


of some eggs at much lower moisture levels. 

After the initial conduct of the incubation study, in 
which humidities differing by 159% were used, it was 
decided to determine more precisely the lowest humidities 
at which eggs would hatch. Chambers differing by 5% 
were prepared, therefore, so that the highest humidity at 
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which eggs failed to hatch was bracketed. In addition, 
eggs were subjected to saturated atmospheres. 

At 36° C., 65% was the highest humidity at which eggs 
failed to hatch. Thirty per cent was determined to be the 
highest humidity at which eggs would not hatch at 28° C. 
At both temperatures it was noticed that embryos devel- 
oped even at moisture levels too low to permit hatching. 
In many cases the fully-developed larva struggled for 
several days to rupture the chorion, and it appeared that 
the low moisture conditions had desiccated the chorion to 
the extent that hatching was impossible (Sweetman & 
Wedemeyer 1933). 

It was believed questionable that eggs, when held at 
20° C., could hatch at humidities as low as 5%, as origi- 
nally determined. Fresh acid solutions were prepared for 
the three lower moisture levels, and newly laid eggs were 
again subjected to those environments. This repetition 
produced results similar to those found earlier; eggs again 
succeeded in hatching at very low humidities at that 
temperature. No bracketing of the threshold humidity for 
hatching was conducted at 12° C. 

At all temperatures, the percentage hatch of eggs at 
100% relative humidity showed little difference from that 
at 95%. Of all the weevil stages studied, molding was 
most common in the egg stage, and possibly may have 
accounted for the somewhat discrepant results in the 
saturated atmospheres. 

The response of incubation period duration to moisture 


Table 3.—Influence of constant environments on pre- 
pupae, pupae, and adults of Hypera postica. 1958-59. 
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was found to vary somewhat with temperature. Between 
20° and 36° C., a depressing effect on egg hatch was evi- 
dent as relative humidity increased. This was demon- 
strated earlier by Sweetman & Wedemeyer (1933). At 12° 
C., however, incubation was more rapid at 95% than at 
100% relative humidity. Below 95%, this effect is difficult 
to determine since very few eggs hatched at those condi- 
tions. 

From the information provided by Sanderson & Peairs 
(1913), Sweetman & Wedemeyer (1933) found that the 
theoretical minimum effective temperature for incubation 
is close to 10° C, Computation of this value from data 
obtained in the present study supported the earlier find- 
ing, and is further corroborated by the work done by 
Evans (1959), who failed to successfully incubate eggs at 
10° C. at a high moisture level. It appears, therefore, that 
the true minimum effective temperature is sharply defined 
and lies between 10° and 12° C., since in the present 
study, more than 90% of the eggs held at 12° C. under 
conditions of high moisture hatched. 

A comparison of the effect of moisture on hatch re- 
corded in this study, with that reported by Sweetman & 
Wedemeyer (1933) is difficult to make, since different 
humidity levels were used, and the strong influence of 
moisture on hatch has already been demonstrated. How- 
ever, it appears that at the higher humidities, greater 
hatch was obtained in the current study than was re- 
ported by Sweetman & Wedemeyer (1933). More similar 
results were noted at the intermediate and low humidity 
levels. 

The accelerating effect of high temperature on the 
duration of the larval feeding period is apparent from data 
presented in table 2. Development through the larval 
stage was more than eight times as rapid at 36° than at 
12°C. Very little difference was detected between 28° and 
86"... 
would not appreciably shorten the duration of the larval 
feeding period. Sweetman & Wedemeyer (1933) found 
that mortality was great at 37° C., and that temperatures 
of 42° C. destroyed all the larvae tested. 

The theoretical minimum effective temperature for 


suggesting that a further increase in temperature 


larval development was calculated to be 9° C., and is in 
agreement with the work reported by Sweetman & 
Wedemeyer (1933). 

Milliron & MacCreary (1955) observed that larvae held 
at conditions of high humidity often failed to construct 
cocoons prior to entering the prepupal stage. This phe- 
nomenon was noted in the present study at temperatures 
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of 20°, 28°, and 36° C. At 12° C., however, all larvae 
cocooned before becoming prepupae. 

The wide range of moisture levels at which prepupae 
and pupae are capable of developing is shown in table 3. 
The most destructive environments were found to be 
those of low temperature coupled with low humidity. At 
12° ©, all individuals died while in the adult stage, but 
before escaping from the cocoons, at humidities below ' 
65%, although the prepupal and pupal stages were ap- 
parently successfully undergone. There were indications 
that at 36° C., humidity above 80% was also destructive. 

Temperature expectedly influenced the time necessary 
for development through the prepupal and pupal stages, 
and the adult emergence period (table 3). Moisture, on 
the other hand, appeared to have little effect on the 
duration of the prepupal and pupal stages at any of the 
temperatures used. High humidity tended to shorten the 
time adults remained in cocoons. 
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ERRATUM 


Two words were inadvertently omitted from the second sentence of the fourth paragraph of 
the scientific note by W. HL. Long et al. on page 605 of volume 54, number 3. The sentence should 
read as follows: One-fourth pound of actual endrin per acre was applied to the treated pasture 


at each application. 








Control of the Yellowjacket, Vespula pennsylvanica, in Public Parks! 


Rosert E. WaGner,? Department of Entomology, University of California, Los Angeles 


ABSTRACT 

Vespine wasps and honey bees are a severe nuisance in many 
camp and picnic grounds over most of the world, Experiments on 
the control of the yellowjacket, Vespula pennsylranica (Sauss.), 
and the honey bee, Apis mellifera L., were made during 1960 in 
Griffith Park at Los Angeles, California. The treatment of trash 
containers in picnic areas with an aqueous spray containing 
0.75% DDVP once a week reduced populations to about 1.0% 
of that found in untreated plots during the summer of 1960, 
Dibrom® (1,2-dibromo-2,2-dichloroethyl dimethyl phosphate 
was also tested but yielded less satisfactory results. A high degree 
of fly control was also obtained. Details of a successful spray 
and sanitation program are given. 


Throughout the world, Vespine wasps are unwelcome 
guests at the meals of campers and picnickers. The Grif- 
fith Park area of Los Angeles, California is a favorite 
picnic grounds for large numbers of Los Angeles residents. 
It had been for many years a typical trouble spot with 
high populations of the yellowjacket, Vespula pennsyl- 
vanica (Sauss.) and the honey bee, A pis mellifera L. being 
present during the summer and fall months. Populations 
often became so high that it was difficult to eat in comfort 
and safety at the public picnic tables. A large number of 
adults and children were stung by these insects every 
year, and their molestation of the animals in the zoo in 
this area caused serious difficulties. 

In the spring of 1960 the Department of Recreation and 
Parks asked the University of California to study the 
problem and, if-possible, make control recommendations. 
An initial investigation in May, 1960 disclosed no yellow- 
jackets had yet emerged from overwintering, but moder- 
ate bee populations were found within picnic areas. Closer 
inspection of the areas with high bee populations located 
many colonies of wild bees in treeholes and cavities in the 
decomposed granite hillsides. The colonies within 100 feet 
of picnic areas were exterminated by spraying 1 quart of 
0.75% DDVP into the nest entrance. The DDVP emulsi- 
fiable concentrate contained 1 pound of toxicant per 
gallon. Eight fluid ounces per gallon resulted in a 0.75% 
concentration in the diluted spray. In a few cases a second 
application proved necessary because of improper appli- 
cation the first time. The effects of this phase of the 
program were not apparent in bee populations on native 
chapparal flowers in the area, but markedly decreased the 
numbers in the picnic areas. As the season progressed, the 
yellowjackets began to appear in ever-increasing num- 
bers. The first worker wasp was collected on June 16, 1960 
and by the first week in July, workers were commonly 
seen, although still at a subeconomic level. 

Spraying of more than 500 acres of the park was sug- 
gested, but was decided to be impractical considering the 
rough terrain and the size of the areas involved, as well as 
the possible imbalance which might be created in popula- 
tions of insects other than bees and wasps. The great size 
and ruggedness of the terrain also precluded locating and 
destroying even a small percentage of yellowjacket nests. 
Bait and toxicant mixtures put out at suitable stations 


about the periphery of picnic areas seemed a_ possible 
solution. In late July a large nest of wasps was located in 
an isolated dry meadow. A circle 20 feet in radius was 
drawn about the nest and many baits were placed in petri 
dishes on the circle in a replicated test. Sweet liquids such 
as various soft drinks, melted ice cream, meats, and water 
were tried, but failed to have any attractancy in this test. 
It was believed that for any bait to overcome the high 
degree of attractancy of the picnic areas, it would have to 
prove almost irresistible under the test method used. 
However, the substances used in the bait test had all been 
observed to have been fed upon by yellowjackets in the 
picnic areas. Further observation and different test 
procedures might reveal an effective lure, but it probably 
would not result in reliable and practical control for the 
large areas encompassed by most national, state or city 
parks. 

FrepinGc Hasirs or YauLowJAckets.-—Several worker 
Wasps were captured as they flew into a nest laden with 
larval food. Examination of the food showed the mas 
cerated remains of adult flies and lepidopterous larvae to 
be a large part of the larval diet. In morning observations 
at the picnic areas, large numbers of yellowjackets were 
found in trash barrels, particularly those with high fly 
populations. The yvellowjackets were observed hunting 
and capturing some of the flies and also feeding on wastes 
of foods previously tested as bait materials. The number 
of yellowjackets found per trash container generally 
formed a good index of population density, especially 
early in the day, before the arrival of pienickers. Counting 
of yvellowjackets and bees in the 30-gallon trash barrels 
(without lids) was accomplished by striking the side of the 
can, counting those which flew out, then those live indi 
viduals which remained. An average of the numbers found 
in 50 cans was used as the population estimate in each 
site. Populations varied greatly (from 0 to 40 wasps per 
can) in each inspection, but averages in each site remained 
approximately uniform from day to day. Since it ap- 
peared, in the early morning at least, that almost all 
feeding activits of flies, bees, and vellowjackets wis 
restricted to the trash containers, spraying them with a 
suitable insecticide seemed a practical approach to con 
trol. 

MATERIALS AND Metuops.—It was presumed that for 
an insecticide to be suitable under the circumstances of 
the experiment, it would have to result in a relatively 
rapid knockdown and high toxicity to the insect pests, 
coupled with as low a mammalian toxicity as possible. A 
week of residual action was also considered a minimum for 
practical results. 

Anderson & Atkins (1958a, 1958b) evaluated the 
toxicity of many insecticides to bees. Of the most toxic of 
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Griflith Park, 
location of test sites 


these, two were chosen for the present tests. They were 
Dibrom® (1,2-dibromo-2,2-dichloroethy! dimethyl phos 
phate) and DDVP. The Dibrom emulsifiable concentrate 
contained 8 pounds of toxicant per gallon. Four fluid 


»¢ 


ounces per gallon resulted in a 3 ( concentration. How 
ever, other materials designated highly toxie to bees by 
these authors may also be satisfactory for this method of 
wasp control. Testing of several of these materials is 
planned in the near future. 

The Test Area. 
area showing the four sites where the problem has been 
the most severe. Site No. | was the City Zoo, in which the 


had 


vears. A combination of food sold in two concessions, and 


Figure 1 is a map of the Griffith Park 


highest number of wasps been found in previous 
a diversity of animal food and excrement over the whole 
site, posed an uncontrollable problem of sanitation with 
respect to foods attracting insects. Every vear zoo visitors 
and animals were severely stung. Several instances were 
called to our attention of children being stung inside the 
mouth by insects ingested with soft drinks. Zoo animals 
had been stung in their cages while attempting to feed and 
drink, which resulted in their being dangerous for keepers 
to handle The ZOO area is surrounded on thiree sides by 
chapparalcovered hills, all of which harbor vellowjacket 
nests. Site No. 2 is a large area ol 


numerous picnic tables and a single concession stand. The 


lawn and trees with 


pests in this area probably came from the zoo and hills to 
the west. Site No. 3 is also lawn and trees but like site No 
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1 is surrounded on three sides by chapparal-covered hills. 
Site No. 4 is a canyon which is heavily watered and 
planted to large shade trees and tropical plants. These 
plantings surround a man-made stream with many pools 
and waterfalls. The area is dotted with picnic tables and 
was second only to site No. 1 in severity of infestation. 
Resutts.—In mid-July sprayiug of the trash con- 
tainers was begun, using DDVP at 0.875%. On Friday 
mornings the interior of each trash can was sprayed 
immediately after it was emptied, using a Hudson 3-gal- 
lon tank sprayer. This treatment, applied 2 weeks in 
succession, reduced the yellowjacket population from an 
average of 10 per can to 1.5 per can after 24 hours. The 
number increased to 3 per can on the sixth day after 
treatment. This degree of control was not considered 
adequate and the dosage was doubled to 0.75% for the 
third treatment. Within 1 hour after spraying, it became 
increasingly difficult to find any yellowjackets or bees in 
the zoo. Counts made twice a week through September, 
1960 averaged a total of 8 yvellowjackets and 2 bees for 
more than 50 containers dispersed throughout site No. 1. 
Since pretreatment populations averaged 10 in each of 50 
trash barrels per site, this represents a 99% control when 
compared with the early counts, and an even higher per 
cent control when compared with the counts of up to 30 
the other sites, which were left untreated 
as checks until mid-August. Each treatment of site 
No. 1 required slightly more than 1 gallon of 0.75% 
DDVP spray. On one occasion in August the spraying of 
cans in the eastern end of site No. 1 was delayed until 
afternoon by equipment failure. By the time spraying was 
done the cans were quite full of debris. This resulted in 


per can in 


inadequate coverage of can walls with spray and 2 days 
later a severe yellowjacket problem developed. Numbers 
in the affected location increased to 5 yellowjackets and 
20 bees per can. The numbers per can remained the same 
for 2 more days, after which a supplementary 0.75% 
DDVP spot-spraving and cleanup of debris in the area 
was made. Satisfactory control was restored within 2+ 
hours, with great reduction within 1 hour. 

In mid-August the other three sites had become se- 
verely infested. Large colonies of vellowjackets could be 
found within 100 feet of picnic areas and frequently any 
food on the pienic table was infested. One colony of 
vellowjackets. which was killed by injecting calcium 
evanide dust, and unearthed, proved to have about 6,000 
active workers, 20 queens, and four full sequences of life 
stages across 8 of the 11 comb layers. 

In site No. 2 the population at the trash cans was not as 
large as in sites No. | and No. 4. This was probably be- 
cause the breeding places of vellowjackets in this site were 
all 500 vards or more to the west and included the zoo, 
which had been subjected to a control program. This site 
was used to test the effects of mid-season treatment with 
0.75°7 DDVP. After the first treatment a typical decrease 
in population occurred. The pretreatment counts were + 
per can and within 2+ hours after treatment declined to 1 
per 20 cans. No problem recurred in this site. 

In mid-August when the first treatment was applied to 
site No. 3, a population of 5 vellowjacket 
noted. Dibrom was applied at 1.5% 
population to 1 per can within 24 hours. The treatment 
was repeated a week later. Population reduction by 1.5% 


per can Was 


and reduced the 
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Dibrom was slower and less complete than in the two sites 
treated with DDVP. 

Site No. 4 had become heavily populated with yeilow- 
jackets before the application of the first treatment, with 
counts averaging 12 per can. Treatment with Dibrom at 
1.5% yielded partial control, with numbers decreased to 1 
per can within 24 hours with the exception of one small 
area. Within 50 feet of this small area, a large active wasp 
nest was found and destroyed with an injection of 4% 
aqueous DDVP spray into the nest entrance. During the 
next 2 weeks of the Dibrom test in sites No. 3 and No. 4 
populations remained between 1 and 1.5 per can. At this 
level picnickers were still bothered by limited numbers of 
yellowjackets, although not as severely as before treat- 
ment. A wasp was only occasionally seen at a picnic table 
as long as the populations remained below 1 per 5 cans. 

The third application of Dibrom was increased to 3% 
concentration in both sites No. 3 and No. 4. Control was 
improved to slightly below 1 per can, but even after two 
applications of 3% Dibrom, control was still obviously 
poorer than that obtained with 0.75% DDVP. At this 
time all sites were put on a once-a-week treatment sched- 
ule with 0.75% DDVP. Counts never exceeded 1 per 10 
cans through the remainder of the season in all treated 
areas. 

Discussion.—On two occasions, when new personnel 
were employed as spraymen, control faltered because of 
inadequate application. It has proved to be very impor- 
tant to treat all interior walls of each can, particularly the 
top few inches. Trash barrels painted a bright yellow 
color and without lids seemed to attract both insects and 
people. Trash dropped elsewhere than in the treated cans 
was a definite drawback to wasp control, as yellowjackets 
were then attracted to untreated areas. This can accentu- 
ate the problem by drawing in more yellowjackets, which 
in turn drive off even conscientious picnickers who then 
drop refuse where they may. When this situation has 
occurred, the only solution found to date has been a rapid 
clean-up of trash and a washing-down of the spilled 
liquids where this was possible. 

The use of DDVP has had two additional favorable 
results. The park personnel have commented on the 
scarcity of flies in 1960; the trash barrels have often been 
observed to have large numbers of dead flies, because flies 
are highly susceptible to DDVP. Secondly, and more 
important, although yellowjackets are seldom found dead 


in the treated cans, the toxified individuals do not bother 
park guests. As a result of the above experiment an effec- 
tive and inexpensive control for yellowjackets has been 
developed for park areas. Hazards to the public seem to be 
slight with DDVP when it is applied in this manner, 
although further work is planned with materials with 
even lower mammalian toxicity. 

At present the following suggestions are being followed 
effectively for control of yellowjackets and, incidentally, 
bees and flies, in Griffith Park, Los Angeles: 

Sanitation.—1. An adequate number of trash barrels 
should be provided, located conveniently to picnic sites, 
and emptied as often as necessary, in an attempt to re- 
tain a trash level of not more than half-full. 

2. When it is possible to do so, the steam-cleaning of 
trash barrels once a month is beneficial. 

Spray Program.—1. Once a week immediately after 
trash barrels are emptied the inner surfaces, particularly 
near the rim, should be sprayed with 0.75% DDVP. (In 
most cases a Hudson-type compressed air sprayer has 
proved most practical. ) 

2. If control in any area is not satisfactory, the sur- 
rounding area should be searched for a nest. Nests can be 
destroyed effectively with a quart of 49% aqueous DDVP 
spray discharged quickly into the nest entrance. 

Conciusions.— The control of yellowjackets in camp 
and picnic areas is possible and practical. A thorough 
spraying is essential for control. Initiation of the control 
program early in the year, before yellowjacket popula- 
tions become large, should provide more satisfactory 
control than emergency treatment begun after popula- 
tions reach troublesome numbers. The loss of any over- 
wintering queen represents the destruction of a whole 
nest. The fly and honey bee control resulting from this 
type of program may well make it economically feasible 
to expand the spraying period to include the active season 
of these insects as well as vellowjackets and other Vespine 


wasps. 
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MOSQUITO CATALOG SUPPLEMENT 


A Synoptic Catalog of the Mosquitoes of the World, Supplement I (Diptera: Culicidae) by 
Alan Stone brings the Catalog up to date with corrections and additions. This Supplement ap- 
peared in the Proceedings of the Entomological Society of Washington 63(1): 29-52, March 1961. 
Price of the Catalog is $7.25, of the Supplement with covers $1.00. When the two are ordered 
together the price is $8.00. Price to members when personally purchased are $6.50, 75 cents, and 
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ENTOMOLOGICAL SOCIETY OF AMERICA 
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The Economic Importance of the Clover Root Borer! 


C.S. Kornver, K. D. Fezer,? H. H. Neunzia,’ and Grorae G. Gyrisco,! Cornell University, Ithaca, New York 


ABSTRACT 


Control of the clover root borer, Hylastinus obscurus (Marsh.), 
by single or multiple applications of insecticides, did not increase 
survival of red clover to an economically important level in 
seven field and insectary experiments conducted in New York 
during 1954 to 1957. Borer control appeared to have no effect 
whatever on first-cutting hay yields in the first harvest year and 
little, if any, on the second cutting. The severity of red clover 
root rot was correlated with the severity of borer injury, but 
the severity of root rot was not reduced as much, proportion- 
ately, by control of the borer, as was the severity of borer injury 


The association of injury caused by the clover root 
borer, [Hylastinus obscurus (Marsh.), with longevity of 
stands of red clover and with yield of hay was first sug- 
gested by Miiller, who about 1805 attributed 
losses of red clover to this insect (Schmitt 1844). With the 
newer insecticides during the 1940's, it was 
a high level of borer control could be achieved 


severe 


advent of 
found that 
by the application of insecticides to first harvest year 
stands (Newsom 1948, Marshall ef al. 1949, Gyrisco & 
Marshall 1956, App & Everly 1950). Insecticide treat- 
ments, however, are not always associated with economic 
benefit. Newsom (1948) found a significant increase in 
persistence of stand during the first harvest year in some 
fields in New York where the borer had been controiled, 
but not in others. Schwardt ef al. (1947) obtained an 
increase in yield in New York where insecticides had been 
applied, but pointed out that reductions in numbers of 
many forage crops insects in addition to the clover root 
borer may have been associated with greater forage 
vields. Gyrisco & Marshall (1950) in New York and App 
& Everly (1950) in Ohio failed to obtain increases in hay 
and seed vields where the borer had been controlled and 
attributed this to drought conditions and inadequate 
pollination, respectively. More recently Woodside (1960) 
ascribed to dry weather a failure to correlate survival of 
red clover with borer control during 3 consecutive seasons. 
Pruess & Weaver (1958), on the other hand, concluded 
that the borer was important in reducing hay yields on 
three cuttings taken on plants grown in an outside in- 
sectary. The importance of factors other than the clover 
root borer which are believed to be associated with lon- 
gevity of stand and vield of hay is discussed by Weaver 
(1950, 1954), Gyriseo et al. (1954), App (1956), Kerr & 
Stuckey (1956), and Newton & Graham (1960). 

In view of the inconsistent economic benefits resulting 
from control of the clover root borer, field and laboratory 
experiments were conducted in New York during the 
period 1954 to 1957 to gain additional information. 

EXPERIMENTAL ProcepuRE.—CGeneral.-All field 
periments were established on first harvest year stands of 
medium red clover in Oswego County, New York. Treat 
ments were applied to plots 1/200 acre in size and repli 
cated 4 to 7 times in randomized complete block designs. 
When only one pesticidal treatment was made, this was 
done prior to the time of the spring dispersal flight of the 
clover root borer adult (Gyrisco et al. 1954). A hand- 


ex- 


( 


operated fertilizer spreader was employed for application 
of both dust and granulated materials, which were first 
mixed with pyrophyllite to facilitate application. 

Hay samples for determining yields were taken using a 
sickle bar mower. Immediately after strips were mowed 
through several plots, the cut material was weighed. 

Plant survival counts were taken using a square foot, a 
1 <3 foot, or a square yard frame which was placed in the 
plot in a restricted randomized manner, or tossed in at 
random. Only living red clover plants were counted, and 
an effort was made to exclude seedlings from the counts 
by examining all plants for old persisting stems or stem 
scars. 

Roots were dug from plots and examined for the pres- 
ence or absence of injury caused by the clover root borer. 
Usually 10 plants were taken from each plot; seedling 
plants were avoided. In other cases, roots were classified 
into seven classes according to severity of injury based on 
the amount of tunneling in the root by borers, with class 
values ranging from 0 to 60 (fig. 1). This rating system 
parallels the 0 to 100 values for rating severity of root rot 
but the insects never directly damage all the tissue of a 
root. Plants with some borer damage in the crown and 
with the roots rotted off just below the crown were placed 
in borer injury class 5, since the unknown level of severity 
of borer injury could have ranged from classes 4 to 6. 
Plants in which root borer damage was suspected, but 
could not be convincingly demonstrated, were placed in 
class 1 (class value = 3), not illustrated in figure 1. A single 
value for the severity of borer injury in a sample of roots 
was obtained by multiplying the number of plants in each 
class by the class value, summing the products over all 
classes, and dividing this sum by the total number of 
plants in the sample. 

Longitudinally split roots were examined for evidence 
of root rot and classified using seven classes according to 
severity of root rot, each of which represented a range 
within a scale from 0 to 100 (fig. 2). Primary emphasis 
was placed on internal rot of the tap root, although un- 
usually light or severe rot on the root surface or in the 
secondary root system could shift the rating down or up 
one class. A single value for severity of root rot was ob- 
tained for each sample of roots in the manner just de- 
scribed for borer injury severity ratings. 

1954 Field Tests.—Two experiments (trials A and B) 
were established on a somewhat poorly to moderately 
well-drained site which had been seeded to alsike clover 
and bromegrass in addition to red clover. The pesticides 
used and the rates of application of these dust materials 
are listed in table 1. 

1955 Field Tests.-A moderately well-drained site was 
selected for two field experiments (trials C and D) which 
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Fig. 1.—Clover root borer injury severity index scale and classes. Median longitudinal sections through roots 
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were established on a mixed stand of red clover, alsike 
clover, alfalfa, and bromegrass. Materials used in trial © 
were granulated formulations; those used in trial D were 
dusts (tables 2 and 3). 

In trial D, 16 roots were dug from each plot on Septem 
ber 1, 1955, and rated for severity of borer injury and root 
rot. On June 7 and 12, in the second harvest year, counts 
of plants were taken in 15 one-square-foot areas in each 
plot. In addition, 10 roots were dug from a randomly 
selected half of each plot. The remaining half of each plot 
was left undisturbed until August 15, 1956, when counts 
of plants were taken in nine 1-square-foot areas in each 
plot. Final root samples of 6 to 10 plants were also ob- 
tained on that date (table 3). 

1956 Field Tests.—Heptachlor dust, at a rate of 1.0 
pound of actual material per acre, was used to treat plots 
located on a poorly to moderately well-drained site (trial 
kK). The seeding mixture consisted of red clover, alfalfa, 
and bromegrass. Applications of the insecticide were made 
1, 2, or 3 times during the growing season, on the dates 
given in table 4. Counts of red clover persistence were 
taken three times during 1956. Following the last plant 
counts made during the first harvest year, all plots were 
divided into halves. Ten red clover plants were dug 
October 6 from the randomly selected half-plots of all 
replicates and examined for the presence or absence of 
root injury caused by the root borer. Two additional sets 
of clover persistence counts were taken during the 1957 
Lrowing season. 

1957 Field Tests.—In an experiment similar to that 
conducted in 1956, heptachlor dust was applied 1 or 2 
times during the growing season (trial F). The field 
selected was a pure stand of red clover on a well-drained 
site which had been cropped to potatoes and tobacco 
during the previous 10-year period. Counts of red clover 
plants were taken three times during the 1957 growing 
season. Yields of first- and second-cutting hay were 
sampled on the dates given in table 5. Roots were not 
examined in 1957 for determination of the severity of root 
rot or borer injury. 

{957 Laboratory Tests... At a date prior to the spring 
migration of the clover root borer, 48 plants were removed 
from each of two stands of first harvest year medium red 
clover. The two fields had been planted at the same time 
the previous vear, but on different soil types within a 
Willhiamson-Amboy association in Oswego County, New 
York. One soil was extremely light and sandy; the other 
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Table 1.—Clover root borer injury, root rot severity, and 
plant persistence following applications of pesticides to red 
clover on April 29, 1954. Fulton, New York. 





PLANTS AVERAGE Severrry? Ava. No, 
Poxicant  [Nsurep Livine 
Appuitp sy Borer" Borer Root PLANTS 
MATERIAL LB./A.) %) Injury Rot Sq. Fr.° 
Trial A 
Dieldrin 1.0 34 26 56 0.6 
Diazinon 2.0 gi 39 69 0.1 
Aldrin 1.0 134 0.4 
Isodrin 1.0 304 47 75 0.2 
Untreated 0.0 53 46 69 0.3 
Trial B 
Heptachlor 1.0 200 $1 63 0.7 
Heptachlor 1.0 250 26 58 0.6 
+captan 2.0 
Captan 2.0 85 46 72 0.6 
Untreated 0.0 80 $8 72 0.8 





® Based on 10 roots dug from each of 4 replicates on August 30, 1954. 
Based on about 30 roots (replicates pooled) from each treatment dug on 
July 28, 1955. See text for rating methods. 
© Based on counts in 9 square feet in each plot on July 13, 1955. Differences 
not significantly different at 5° level in either trial. F value for treatments sig- 
nificant at 10% level in trial A 
! Significantly different from the respective untreated checks at the 5% level. 


Table 2.—First-cutting hay yield, clover root borer injury, 
root rot severity, and plant persistence following applica- 
tions of insecticides to red clover April 28, 1955. Trial C. 
Fulton, New York. 





Ava, PLANTS AVERAGE Severtty? Ava. No. 

Poxicant Yrevp (LB. INsuRED LIvING 

APPLIED GREEN | BY Borer’ Borer Root PLANTS 

MATERIAL LB. A WEIGHT)" %) Injury Rot‘ Sq. Fr.! 
Dieldrin 0.5 19.7 s 12 53 1.9f 
1.0 17.2 3 11 3 2.0 
Aldrin 0.5 19.6 20 16 51 1.3 
1.0 20.5 8 14} 39 1.0 

Untreated 0.0 21.8 55 26 54 1.6] 





* Based on one 30-inch swath mowed through each of 4 replicates on June 8, 
1955 
Means not flanked by the same line a 


level; also applies in table 3 


e significantly different at the 5°% 


Based on 10 roots from each plot on September 1, 1955 
* Based on 10 roots dug from each plot on June 7, 1956. See text for rating 
methods 
Plots treated with 1 Ib. actual toxicant per acre had significantly (1 


level) less root rot than plots treated with 0.5 lb 
* Based on counts in 9 square feet in each plot on June 7, 1956 


was considerably heavier. Plants were potted individually 
in metal quart containers, using soil from the fields from 
which the plants were taken (trial G). 

After allowing the plants 15 days to recover from trans- 
planting, one-third of the plants were infested with two 


Table 3.—First-cutting hay yield, clover root borer injury, root rot severity, and plant persistence following application of 
insecticides to red clover April 28, 1955. Trial D. Fulton, New York. 





Toxicant Ava. YIELD Borer Injury 


APPLIED LB. GREEN 
MATERIAI LB./A WEIGHT Sept.°55 June °56 
Heptachlor 1.0 23.0 2 
Dieldrin 1.0 23 .5 11 21) 
Aldrin 1.0 23.9 22| 2 
Untreated 0.0 24.2 25 34 | 


SEVERITY” OF 
Ava. No. Livine 
PLANTS/S@. F1 


Root Rot 


Aug. “56 Sept. 55 June “56 Aug. “56 June “56 Aug. °56 
Is 18 15 36 1.5] 0.7 
23) 33] 15 13 1.1)] 0.6 
36! 10 57 60 0.9 0.4] 
HO tt 60 63 0.3 0.1 





* Same as“, table 2 


} don about 10 reots dug from each plot on each of the three sampling dates, See text for rating me 


Si1 se 


thod 
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Table 4.—Stand of red clover during and following ap- 
plication of heptachlor dust during the 1956 growing season 
for control of clover root borer. Trial F. Fulton, New York. 
1956. 





Averace Numsper or Living PLants 


PER Square Foor PLANTS 
NUMBER 1956 1957 UNIN 
or AppPLi- JURED® 
CATIONS® July 25 Sept.9 Oct. 5 Apr. 30 Sept. 6 %) 
0 2.04 1.04 1.54 0.44 0.24 344 
1 2.34 1.4%° 1,¢¢ 0.84 0.24 66° 
2 2.34 1.7° 1.24 0.64 0.34 soe! 
3 1.94 1.44. 1.44 0.94 0.24 90! 





® Heptachlor applied May 5, July 15, and September 9, 1956 

> Five 1-square-foot areas per plot in 1956, eight in 1957. 

© Ten roots dug from each of the seven replicates of each treatment, October, 
1956. 

4.¢.f Any means in the same column not having the same superscript letter 
are significantly different at the 5% level. 


Table 5.—First- and second-cutting yields and stand of 
red clover plants during and following application of hepta- 
chlor dust during the 1957 growing season for control of 
clover root borer. Trial F. South Hannibal, New York. 








AVERAGE YIELD 


(LB. GREEN Ave. No. Living PLAnts 
WEIGHT)” Se. Fr. 
NUMBER 
or ApPLI- June Aug. Apr. July Sept. 
CATIONS* 174 13¢ 30° 2, 54 ya 
0 $4.5 23.5 5.3 3.5 1.9 
l 45.4 22.7 $.8 3.6 1.8 
2 46.5 21.0 +.9 3.9 2.2 





® Heptachlor applied April 30 and June 30, 1957. Good control of borer as 
sumed on basis of previous experiments with heptachlor 

> One 44” swath mowed through each of the seven replicates of all treatments. 

© Ten 1-square-foot areas sampled per plot 

4 There were no differences significant at the 5°% level 

* Plant counts taken April 30 were used as covariate in all hay vield and all 
other plant count analyses. 


Table 6.—Foliage yields and longevity of first harvest 
year red clover plants infested with different numbers of 
borer adults, grown in soils of two different types, and wa- 
tered at two different rates. Trial G. Minetto, New York. 1957. 





Ava. GREEN WEIGHT Ava. 


(GM.) LONGEVITY 

RATING 

Factor LEVEL June 12 = Aug. 2 PLANT® 
No. borers per 0 15.7 9.1 6.4 
plant 2 3.7 7.6 6.7 
4 4.8 9.0 Pe 
Soil light 16.1' 9.2 6.7 
heavy 13.4 7.9 6.8 
Watering rate 1X 13.6 7.4 6.8 
2X 15.8 9.7! 6.7 





® Each plant was rated for longevity on the basis of those dying between 
June 1 and June 15=1; June 16 and June 30=2; July 1 and July 15=3; July 
16 and July 31 =4; August 1 and August 15=5; August 16 and August 31 =6; 
September 1 and September 15=7; September 16 and September 30 =8; After 
October 1 =9. 

> Significantly different, at 5% level, from other level of same factor 
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adult borers, and one-third with four adult borers. The 
remainder were not infested. Plastic and nylon mesh 
eages, each 6 inches high and 4 inches in diameter, were 
used to confine the borers on the plants. These were re- 
moved 2 days later to allow each plant the same intensity 
of sunlight. 

All plants were placed in an outdoor insectary in a 
completely randomized manner and covered with large 
nylon mesh field cages to prevent infestation by wild 
borers. The cages were removed 3 weeks later, when it 
became difficult, because of the growing foliage, to remove 
and replace them when the plants were watered. Through- 
out the greater part of the experimental period, one-half 
of the plants were watered twice as frequently as the 
remainder. 

Two soil types, 3 levels of borer infestation, and 2 levels 
of watering rate gave 12 treatments, with 8 plants per 
treatment. 

Yields of forage were taken June 12 and again August 2, 
1957, by cutting off the foliage 1 inch above the surface of 
the soil and weighing it to the nearest gram (table 6). As 
plants died, the date of death was recorded and the con- 
tainers were removed from the insectary. On September 
20, 1957, all plants remaining alive were placed in the 
ground together with their containers. Artificial watering 
was discontinued on that date. 

Resutts.—Several of the chemicals used gave good 
control of the clover root borer in one or more trials, 
especially dieldrin (tables 1 and 2) and heptachlor (tables 
3 and 4). Where the initial level of borer control was only 
moderate, continued tunneling by the borers and buildup 
of the borer population in time usually eliminated the 
original differences, with respect to borer injury, between 
the treated plots and the untreated checks (tables 1 and 
3). Complete control was never achieved, and buildup of 
the borer always occurred, but less severe borer injury in 
the treated plots persisted into the second harvest year 
when the initial level of control was high (tables 1, 2, and 
3). Repeated applications of heptachlor were effective in 
reducing the buildup of the borer during the first harvest 
vear (table 4). 

The severity of root rot was significantly correlated, at 
the 1% level, with the severity of borer injury (r= 0.61 in 
trial C, r=0.77 for the June 1956 data in trial D). But the 
severity of root rot was not reduced as much, proportion- 
ately, by control of the root borer as was the severity of 
borer injury (tables 1, 2, and 3). Captan, a fungicide, had 
no effect on severity of root rot. 

In no case did control of the root borer increase survival 
of red clover to an economically important extent. In 
trial B, with poor borer control, there was no effect on 
survival. In trials A, C, E, and F, control of the borer may 
have caused slight increases in survival, but such increases 
were not significant at the 5% level, except for the Sep- 
tember 1956 data in trial] E. Only in trial D (table 3) was 
there a proportionately large difference in survival be- 
tween untreated plots and plots treated with heptachlor. 
In the June 1956 data, the means for these two treatments 
were significantly different at the 19% level. In trial C the 
correlation between the ratings of borer severity and 
counts of plants surviving was r= 0.44, significant only at 
the 10% level; in the June 1956 data of trial D, r= 0.62, 
significant at the 5% level. (The corresponding correla- 
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tions between root rot severity and plant survival were 
r= —0.07 and r= — 0.56, respectively.) Plot to plot varia- 
tions in soil or topography, however, usually appeared to 
have a greater effect on plant survival than control of the 
borer. 

Control of the clover root borer appeared to have no 
effect whatever on yields of first-cutting hay in the first 
harvest year (tables 2, 3, and 5) and little, if any, on the 
second cutting (table 5). 

Statistical analysis of the data obtained in the insectary 
experiment indicated that borer infestation, alone or in 
combination with soil type or watering rate, or both, had 
no effect on the quantity of hay at either the first or 
second cutting, or on plant longevity (table 6). Although 
all borers placed onto plants may not have invaded the 
roots, dissection of plants at the termination of the experi- 
ment indicated that most of them had. 

Yields of hay taken June 12 from plants grown in the 
light soil were significantly greater (at the 5% level) than 
those from plants grown in heavy soil. At the time of 
second cutting, however, the difference was smaller; at 
that time significant differences in yield were detected 
only where the watering rate had differed. Neither soil 
type nor watering rate, alone or in combination with each 
other, influenced plant longevity (table 6). 

Discussion.—-A reduced level of root injury caused by 
the clover root borer can be maintained into the second 
harvest vear provided that a high level of borer control is 
obtained in the first harvest vear. This effect is frequently 
associated with reduced severity of root rot, and some- 
what less frequently associated with increased plant 
persistence. These findings concerned with borer injury 
and the incidence of root rot are consistent with those of 
Graham & Newton (1959) who also demonstrated a 
relationship between root injury by the clover root borer 
and root rot. 

Despite the fact that increased plant persistence can 
sometimes be demonstrated, plant survival and_ plant 
vigor are nevertheless so low by the second harvest year, 
regardless of treatment, that such differences are prob- 
ably economically unimportant. The importance of other 
factors in reducing hay vields is emphasized by the fact 
that, at insectary conditions, soil type and moisture 
influenced yield. Yet, in this experiment, the presence of 
the root borer influenced neither yield nor plant longevity. 
It seems evident, therefore, that the influence of the borer 
on plant vigor and plant longevity is only one of many 
factors involved in reductions in yield of red clover. The 
evidence to date confirms the tentative conclusion 
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reached earlier by Gyrisco et al. (1954) : that control of the 
clover root borer may have a noticeable effect only if other 
factors are not limiting. 
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Control of Hippelates Gnats with Soil Treatments Using Organo- 
chlorine Insecticides’ 


Mir S. Mutta,? University of California Citrus Experiment Station, Riverside 


ABSTRACT 


The initial and long-term effectiveness of six organochlorine 
insecticides applied to soil were determined in the field against 
Hippelates gnats. The field trials were aimed mainly at control- 
ling H. collusor (Townsend), the predominant species in Cali- 
fornia and the Southwest. Other species controlled were H. 
hermsi Sabrosky, H. pusio Loew, and H. dorsalis Loew. But the 
latter two species maintain very low population densities in the 
Coacheila Valley of southern California, where these investiga- 
tions were carried on, and consequently are not a problem in that 
area. H. hermsi is not considered pestiferous. 

In a young citrus grove, aldrin, dieldrin, endrin, toxaphene, 
DDT, and DDT+toxaphene sprays were applied on the basis 
of equal cost per acre and effectiveness of these materials was 
ascertained over a period of 4 seasons. Excellent control of 
Hi ppelates collusor was obtained for 2 seasons with the DDT and 
DDT+toxaphene treatments, but the other materials provided 
only poor-to-fair control. In the third season, only the DDT 
treatment still gave significant reduction of the eye gnats. Dur- 
ing the fourth season, DDT produced no appreciable control of 
the gnats. In other tests also, DDT sprays were effective against 
H. collusor, as well as against H. pusio and H. hermsi. 

In trials in two date gardens, endrin, applied at rates of 2 to 
6 pounds per acre in both spray and granular forms, yielded 


Hippelates eye gnats breed principally in friable soils. 
The adult female gnats are attracted to freshly tilled, 
moist ground and lay their eggs near the surface. The 
larvae, on hatching, work their way down into the soil 
where optimum food and moisture for development are 
available. Pupation takes place near the surface of the 
ground and the adult gnats emerge 7 to 20 days after the 
eggs have been laid. 

With the advent of organochlorine insecticides, control 
of Hippelates gnats by incorporating residual insecticides 
into the soil became a possibility. Experiments testing the 
effectiveness of some of these materials against //ippelates 
gnats were soon begun in the Coachella Valley (Tinkham 
1952, 1953). The initial effectiveness of several materials 
was studied and aldrin at 2 pounds per acre was found to 
yield the highest initial control of Hippelates collusor 
(Townsend). The initial effectiveness of aldrin, BHC, 
chlordane, and DDT against a closely related species (/1/. 
pusio) was studied in Georgia (Dow & Willis 1959); the 
first three insecticides were shown to be more effective 
than the fourth. 

Further studies in the Coachella Valley indicated that 
aldrin, dieldrin, and heptachlor at relatively high dosages 
yielded no appreciable control of //ippelates collusor 
either initially or 7 to 9 months after application (Mulla 
ef al, 1960). On the other hand, DDT at 18 pounds per 
acre produced excellent initial control of 7/7. collusor. 
Laboratory studies on the effectiveness of organochlorine 
insecticides against this species were initiated (Mulla 
1960a). In these tests, DDT was more effective than 
dieldrin, lindane, heptachlor, toxaphene, and chlordane 
and yielded good reduction in eye gnat emergence at 


economical dosages. 


erratic results and poor control of Hippelates collusor. Various 
concentrations of DDT granules produced poorer control of 
H. collusor and H. hermsi, 3 months after treatment than the 
sprays of approximately the same dosage. As the concentration 
of DDT in the formulation increased, the degree of control 
decreased, 

Shell Development Company compound SD-4402 (1,3,4,5,6,7, 
8,8 octachloro 3a,4,7,7a-tetrahydro-4,7-methanophthalan) —ap- 
plied as sprays (2 to 10 pounds per acre) gave good-to-excellent 
initial control of Hippelates collusor and H, hermsi but less con- 
trol after 3 months. Only the 10-pounds-per-acre teatment 
yielded excellent control of H. collusor 3 months after application. 
Twelve months after treatment the 10-pounds-per-acre treat- 
ment produced excellent control of H. collusor. The 5-pounds- 
per-acre treatment also resulted in good control of this species 
12 months after treatment. Both these dosages yielded moderate- 
to-good control of H. hermsi 12 months after treatment. Six- 
teen months after treatment the 10-pounds-per-acre rate of SD- 
$402 yielded excellent control of HH. collusor and moderate con- 
trol of H. hermsi. However, the emergence of both spec ies Was 
low and the residual activity of SD-4402 cannot be assessed 


clearly after this period 


DDT also was slower to lose its activity when applied 
to soil surface than aldrin, endrin, and compound SD- 
4402 (Mulla 1960b). The activity of DDT against the eve 
gnat in soil was evaluated under controlled conditions and 
no loss was detected for 9 months (Mulla 1960e). 

Laboratory studies showed that compound SD-4402, 
endrin, aldrin, DDT and dieldrin had higher biological 
activity against //ippelates collusor than the other organo 
chlorine insecticides (Mulla 1960a). Compound SD-4+402 
was the most active one, while dieldrin showed the least 
activity among these five compounds. The initial and 
long-term efiectiveness against eve gnats of these five 
organochlerine insecticides was then studied in the field. 
In one test toxaphene and a toxaphene+ DDT combina 
tion were also studied. Trials judging the effectiveness 
against the gnats of spray and applications of granulated 
DDT and endrin in two date gardens in the field were also 
carried out. 

Metuop anp Marertaus.— All the field trials were 
conducted in the Coachella Valley of southern California 
where temperatures over 100° F. prevail during 8 months 
of the year. Soil types in the valley range from heavy clay 
in a few spots to loose sand or sandy loam covering most 
of the valley. High winds and sand storms are of common 
occurrence resulting in the removal of top soil from virgin 
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Fig. 1.—Emergence cages set in place for trapping eye gnats emerging from the soil. The fruit jars with a tapered, strainer-cloth 


cone are fitted into the rings. 


and cultivated land. To preserve the top soil in agricul- 
tural areas and for other reasons as well, the farmers 
resort to raising heavy cover crops which are disked under 
frequently. This severe physical, biological, and agricul- 
tural environment undoubtedly plays an important role in 
reducing the activity and longevity of many insecticides 
used against //7ppelates gnats. 

The experiments on the effectiveness of the insecticides 
against the gnats were conducted in a young citrus grove 
(Joe Knight) and in two date gardens (Jarvis and Mac- 
Pherson). In the citrus grove the soil surface was exposed 
to sunlight and the wind erosion was rather severe. In the 
date gardens a good portion of the soil surface was shaded 
during the day and wind velocity was considerably re 
duced by the tall trees. However, the SD-4402 plots in the 
MacPherson date garden were located on the southwest 
margin of the grove and wind and temperature conditions 
were assumed to be more severe there than in other loca 
tions in the garden. 

Before the application of the insecticides, the ground 
was irrigated and disked 2 or 3 times until no clumps of 
organic matter could be seen on the surface. The sprays 
were applied with conventional low-pressure boom spray 
ers at the rate of 50 to 60 gallons per acre. The granular 
formulations were applied manually. After treatment the 
ground was disked once or twice again to insure thorough 
mixing of the toxicants into the soil. Disking under of the 
msecticides was accomplished within 1 to 2 hours after 
treatment except in the Knight’s young citrus grove 
where the last plots were disked 12 hours after treatment. 


To reduce loss of toxicants from soil surface, immediate 
disking is necessary (Mulia 1960b). 

Owing to the presence of permanent borders along the 
rows, the DD'T and endrin plots in the Jarvis and Mac- 
Pherson date gardens were disked only in one direction 
(lengthwise) and therefore there was no dislocation of the 
toxicants along the widths of the plots. All other plots 
were disked lengthwise, crosswise, and diagonally. 

For determining the short-term and long-term activity 
of the insecticides the treated and untreated check plots 
were irrigated and disked 2 to 3 times soon after irriga- 
tion. Before the irrigation it was attempted to make sure 
that adequate amount of covercrop or weed-stand covered 
the plots. In some cases sesbania and barley covercrops 
were grown in the experimental plots so that heavy gnat 
production could be obtained. Ground containing little 
organic matter has been observed to breed few eye gnats. 

For initial and subsequent evaluation, emergence cages 
(see fig. 1) were set in the plots 7 to 14 days after treating 
and disking. In setting the emergence cages adequate 
buffer zones were left out between adjacent plots. Emer- 
gence during the breeding season of the gnats usually 
started 7 to 20 days after disking. The emergence cages 
are 1-square-vard, shelving-pine frames covered with 
black cloth and canvas on the top (fig. 1). One hole to 
accommodate a 1-quart or pint fruit-jar cap was drilled on 
one side of the cage 4 to 5 inches from the lower edge. The 
quart or pint jar fitted with pointed cones made from 
10-mesh strainer cloth is set in the cap in the cage. The 
junction of the cages and the ground was sealed by put- 
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ting dirt all around the lower half of the sides of the cages 
(see fig. 1). The gnats emerging from the ground under the 
cage found themselves in the dark. Since they are posi- 
tively phototropic, they were attracted to light in the jars 
attached to the cages. The screen cones permitted gnat 
entry into the jars, but kept them from moving back into 
the cages. The jars from the cages were collected twice a 
week and the gnats were identified and counted in the 
laboratory. The number of cages set per plot in the vari- 
ous trials varied from 7 cages per plot to 12 cages per plot. 

The emergence in each test was obtained over a period 
of anywhere from 2 to 7 weeks. From June to September, 
emergence of gnats was completed 2 to 4 weeks after 
setting of the cages. However, before and after these 
months longer periods were needed for obtaining complete 
emergence of the gnats of one generation. 

Some of the data were analyzed for significance by the 
“one-sided-t” test method. The results of such analyses 
and the replication and plot size information are included 
in the tables. The per cent control in the various treat- 
ments with toxicants was determined by reference to the 
untreated check plots in each experiment. 

Resutts AND Discussion.—(Citrus Grove Trials. 
Aldrin, dieldrin, endrin, toxaphene, DDT, and DDT 
+toxaphene sprays were applied at equal-cost dosages to 
the ground in a 3-year-old grapefruit grove. The soil in 
the grove was of the Coachella fine-sand type. The trees 
were small and did not provide enough canopy to keep the 
surface of the soil shaded. Heavy cover crops were grown 
and disked under frequently to improve the soil texture. 
The plots were evaluated whenever gnat population 
density and amount of cover crop were considered to be 
conducive to heavy gnat breeding. 

The pilots were treated on July 19, 1957. Fair initial 
control of [Fippelates collusor was obtained in this grove 
with aldrin, dieldrin, endrin, and toxaphene (table 1). 
DDT and DDT-+toxaphene treatments resulted in 
excellent control of the gnat. Evaluation of the treatments 
during November and December, 1957, 4 months after 
application of the toxicants, indicated that aldrin and 
toxaphene yielded slightly reduced, but more or less the 
same degree of control of H/. collusor as they did 1 month 
after application. Endrin resulted in much lower control 
of the gnat, while dieldrin produced essentially the same 
reduction of the gnat as obtained initially. Both DDT and 
DDT -+toxaphene treatments resulted in excellent control 
of both H. collusor and H. hermsi 4 months after treat- 
ment. Aldrin, dieldrin, endrin, and toxaphene vielded 
poor-to-fair control of I. hermsi which is not believed to 
be pestiferous. H. hermsi is, however, encountered in fair 
numbers in the Coachella Valley and breeds in a habitat 
similar to that of /. collusor. 

Evaluation of the treatments during the second breed- 
ing season (July, 1958) indicated that DDT and DDT 
+toxaphene treatments yielded significant control of 
Hippelates collusor. The remaining treatments produced 
poor-to-fair but not significant control of this species. The 
emergence of H. hermsi was very low in all of the plots, 
including those untreated. Owing to the low level of 
emergence of this species and greater variation in the 
emergence of Hippelates gnats from soil plots in general, 
no significant reduction of this species was produced in 


Table 1.—Control of Hippelates gnats with various or- 
ganochlorine insecticides applied at cost-equivalent dosages 
to soil in a young citrus grove." 





AVERAGE NUMBER OF GNATS PER CAGt 
anD Controv at INpicaTep Dates 


H. collusor H. hermsi 
Dosace 
INSECTICIDE AND (LB. TOXI- Gnats Control Gnats/ Control 
FORMULATION CANT /A.) Cage (%) Cage (%) 


fugust 1957" 


Aldrin EC 2 +.3 8.0 79 
Dieldrin EC 1.5 3.2 14.4 62 
Endrin EC 1.6 1.7 11.0 71 
Toxaphene EC 8 17.2 8.6 77 
DDT EC 2 14.0 3.0 MR 
DDT +toxaphene 7+9 1.0 97 
Check 88.0 
November—December 1957° 
Aldrin EC 2 +.3 21.5 64 2.9 60 
Dieldrin EC 1.5 3.2 21.5 64 3.3 i 
Endrin EC 1.6 7 $2.7 28 4.7 44 
Toxaphene EC 8 17.2 21.7 63 1.8 75 
DDT EC 2 14.0 0.2 99 0.0 100 
DDT +toxaphene 7+9 3.4 4 0.3 95 
Check 59.0 73 
July 19584 

Aldrin EC 2 $.3 99 38 0.5 74 
Dieldrin EC 1.5 3.2 111 82 1.5 50 
Endrin EC 1.6 1.7 50 69 1.0 53 
Toxaphene EC 8 17.2 95 $1 2.4 0 
DDT EC 2 14.0 T 95 0.1 09 
DDT +toxaphene 7+9 1s 90 2.0 t 
Check 160 2.1 

NS 

{ugust-September 1959 

Aldrin EC 2 4.3 197 17 53 
Dieldrin EC 1.5 3.2 187 22 7 19 
Endrin EC 1.6 1.7 242 0 9 0 
Toxaphene EC 8 17.2 207 18 7 19 
DDT EC 2 14.0 71 70 I' tal 
DDT +toxaphene 7+9 173 28 7 21 
Check 239 8 





® Joe Knight grapefruit grove on Avenue 49 in Indio. Plot size was 75’ X90 
but an area 25' X60’ was evaluated for emergence. Plots were treated on July 
19, 1957. Each treatment was replicated five times at random except the un 


treated check which was replicated 10 times 


® Seven emergence cages were set per plot. Data not analyzed for significance 
© Ten emergence cages were set per plot. Data of November-December 
emergence not analyzed for significance 
' Eight emergence cages were set per plot 
* Only these treatments were significantly lower than their respective un 


treated checks at the 5%, level 


any of the treatments, including that of DDT which 
resulted in 99% control of 17. hermsi (see table 1). 

Evaluation of the treatments during the third gnat- 
breeding season after application (August-September, 
1959) demonstrated that DDT still yielded significant 
control of both Hippelates collusor and H. hermsi. The 
other treatments gave poor or no control of both species. 
The emergence of [/. hermsi from the untreated plots dur- 
ing the third gnat breeding season after application of the 
toxicants was moderate. Reduction in the emergence of 
this species produced by the DDT treatment was shown 
to be significant. This suggests that the high but nonsig- 
nificant control of H. hermsi by DDT during the previous 
season was caused by the lower emergence of the species 
from all the plots (see table 1). 

Date Garden Trials.—Further trials on the short-term 
effectiveness of DDT sprays and granules were carried on 
in two locations. Tests with endrin sprays and granules 
and SD-4402 sprays were also carried on in these areas. 
The Jarvis date ranch located in the La Quinta area of 
the Coachella Valley is protected by surrounding moun- 
tains on two sides. The MacPherson ranch northwest of 
Indio, on the other hand, is more exposed to the prevail- 
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ing northwesterly winds. Both ranches have sandy to 
silt-loam types of soil. 

DDT Trials.--In order to determine the most effective 
dosage of DDT, the material was applied at three rates to 
plots established in each of the two ranches. In the Jarvis 
ranch the toxicant was applied at the rates of 6.5, 14.6, 
and 20 pounds per acre. In the MacPherson ranch the 
rates were 6, 12, and 18 pounds per acre. Plots in the 
Jarvis ranch were treated on March 27, 1958, while those 
in the MacPherson ranch were treated on July 14, 1959. 

The plots in the Jarvis ranch were evaluated for gnat 
control 5 months after treatment and those in the Mac- 
Pherson ranch were evaluated 3 months after treatment. 
The highest dosage of DDT (20 pounds per acre) applied 
to the ground in the Jarvis ranch resulted in excellent 
control of both Hippelates collusor and H. hermsi (table 
2). The next lower dosage (14.6 pounds per acre) also pro- 
duced excellent control of /7. collusor and fair control of 
H. hermsi. The lowest dosage (6.5 pounds per acre) pro- 
duced fair control of both species. 

The DDT treatments in the MacPherson ranch pro- 
duced lower control of the emerging gnats than the treat- 
ments in the Jarvis ranch. The emergence of //. hermsi 
from these plots was appreciable, and goed control of this 
species was obtained with DDT applied at the rate of 18 
pounds per acre. The emergence of //. collusor was low 
and no difference in the control of this species (70% at 
both dosages) was noticed in the treatments of 6 and 12 
pounds per acre of DDT. The highest rate (18 pounds per 
acre) resulted in good control of this species. 

Since the long-term effectiveness of DDT against gnats 
was determined in the citrus grove (see table 1), no at- 
tempt was made to duplicate that investigation in these 
tests. It was determined here that for effective gnat 
control, DDT at the rate of 15 to 20 pounds per acre is 
necessary to produce around 900% or higher reduction of 
Hippelates collusor. 

Granular formulations of DDT are cheaper and easier 
to apply to eve gnat breeding grounds. They can be ap- 


Table 2.—Control of Hippelates gnats with various dos- 
ages of DDT applied as sprays to soil in two date gardens. 





AVERAGE NUMBER OF GNATS PER CaAGt 
AND Per Cent ContRrROL 


i. collusor I] hermsi 


Dosaact 
LB. TOXI- Gnats Control Gnats Control 
CANT/A Cage o/s Cage q 


Jarvis Date Garden®*—5 months after treatment 


6.5 6.1 SI 2.6 71 
14.6 3.2 90 2.0 7s 
20.0 2.2 OF 0.3 OF 
Check $1.4 9.2 
MacPherson Date Garden } months after treatment 
6 2. 70 10.0 39 
12 2.1 70 24.8 62 
18 1.4 SI 13.5 79 
Check 7.3 65.3 





* Plot size was 25’ X60’. Fach treatment was replicated four times in a ran 
domized latin square design. Twelve emergence cages were set in each plot 
Plot size was 20’ X60’ and each treatment was replicated five times at 


random. Eight emergence cages were set per plot 
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Table 3.—Control of Hippelates gnats with DDT granules 
(30/60 AA-RVM attapulgite granules) and sprays applied to 
soilin Jarvis date garden." 








AVERAGE NUMBER OF GNATS PER CAGE AND 
Per Cent Controi 3 Montus 
Arrer TREATMENT 
H. collusor H. hermsi 

FORMULATION AND Dosact 
DDT Concen- (LB. TOXI- Gnats Control Gnats Control 
TRATION (%) CANT/A.) Cage (%) Cage (%) 


Emulsifiable 


Concentrate, 25 16.0 5 97 10 89 
Granular, 10 15.4 72 61 53 42 
Granular, 20 15.4 73 60 84 s 
Granular, 35 15.4 4 49 59 36 
Check 184 91 





® Plots were 25’ X90’ with permanent borders length-wise. Each treatment 
was replicated five times in a randomized latin square design. Ten emergence 


cages were set per plot 


plied to grounds covered with thick plant canopy and 
they are easily broadcast by air equipment over a variety 
of crop fields without leaving undue toxic residues on the 
crops. Laboratory information, however, showed that 
DDT granules are inferior to DDT sprays in producing 
gnat control (Mulla 1960a). 

In order to compare the efficiency in the field of granu- 
lated DDT and DDT spray, trials were conducted in the 
Jarvis date ranch. Ten per cent, 20%, and 35% granular 
formulations of DDT were obtained from a commercial 
source. Information on the ingredients of the formula- 
tions aside from that included in tabie 3 was not avail- 
able. The sprays and the granules were applied at the 
rates of 16 and 15.4 pounds per acre, respectively. The 
plots were treated on June 16, 1958, and disked 3 or 4 
times before evaluation of the emergence so that the 
granular particles were mixed thoroughly into the soil. 

The plots treated with the granules and the spray were 
evaluated for gnat emergence 3 months after treatment. 
The DDT spray treatment gave excellent control of both 
Hippelates collusor and H. hermsi (table 3). The granular 
treatments did not produce marked reduction in the 
emergence of //. hermsi and resulted in only moderate 
control of HH. collusor. The per cent control of the latter 
species decreased as the concentration of DDT in the 
granular formulation increased. The findings were in 
agreement with the results of studies conducted in the 
laboratory on the effectiveness against HH. collusor of 
various strengths of DDT granular formulations (Mulla 
1960a), 

It is usually assumed that granular formulations, par- 
ticularly the higher strength formulations, will in time 
release the toxicant and show as much activity as spray 
treatments. This assumption is not based on factual 
evidence. Both field work and laboratory experiments 
(Mulla 1960a) have shown that, in soil against Hippelates 
collusor, DDT granular formulations are inferior to DDT 
sprays when tested initially and 3 months after treatment. 
Even if granular formulations of DDT happen to mani- 
fest a high degree of activity long after treatment, the 
3-month period during which they seem to be inferior to 
sprays would discourage their use for soil larviciding 
against the gnats. It is possible that quick releasing 
granular formulations of DDT with greater efficiency 
may be developed in the future. 
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Table 4.—Control of Hippelates gnats with various dos- 
ages of endrin applied as granules (5‘, on 30/60 AA-RVM 
attapulgite granules) and sprays ‘n two date gardens. 





Averace Nuemper or GNATS PER CAGE AND 
Per Cent Controi 3 Montus 
Arrern TREATMENT 





H. collusor H. herr 
Dosaact 
TREATMENT AND (LB. TOXI Gnats Control Gnats Control 
FORMULATION CANT/A) Cage , Cage 
Jarvis Date Garden® 
Granular 2 20.6 0 12.3 0 
+ 7.8 +5 11.0 0 
6 7.9 48 1.0 80 
Check 14.8 5.4 
MacPherson Date Garden 
Emulsifiable 
Concentrate 2 2. 5° 0 9.1 78 
4 +. 0° 0 4.7 89 
6 0.6 72 +.7 8o 
Check 2.1 41.1 
® Plot size was 25’ X90’. Each treatment was replicated four times in a ran 
domized latin square design. Twelve emergence cages were set per plot. 


» Plot size was 20’ X60’. Each treatment was replicated five times at random 
Eight emergence cages were set per plot. 
© Most of the emergence was obtained from only one or two cages 


Endrin Trials.—Endrin granules and sprays were 
evaluated at the rate of 2, 4, and 6 pounds of the toxicant 
per acre in the two date gardens. The plots in the Jarvis 
ranch were treated with 5% granulated endrin on June 
18, 1958, while those in the MacPherson date ranch were 
treated with endrin sprays on July 14, 1959. The plots 
treated with endrin granules and sprays were evaluated 
for gnat control 3 months after treatment. 

Granular-endrin treatments resulted in poor control of 
both Hippelates collusor and H. hermsi (table 4). The 
extent of breeding of both species in the untreated plots 
was relatively low. However, gnat emergence was suffi- 
cient to indicate the ineffectiveness of granulated endrin 
against the gnats, particularly at the lowest dosage. Only 
the highest dose of the toxicant produced a fair reduction 
in the emergence of H. hermsi. Because of light emergence 
in the untreated plots, the results are considered incon- 
clusive. 

The emergence of Hippelates collusor in the MacPher- 
son spray plots was very low with great variation in the 
distribution among the emergence cages. The results of 
these trials with regard to the control of //. collusor are 
therefore inconclusive. In the laboratory, however, 
endrin has shown a high degree of activity and stability in 
soil against /. collusor (Mulla 1960a, 1960c). It is possible 
that endrin evinces a lower degree of activity in the field. 

The emergence of Hippelates hermsi, on the other hand, 
was substantial. Control was good at all dosages of endrin, 
but the results from the two higher dosages were more 
promising than from the lowest dosage. Although in most 
tests H]. collusor and H. hermsi have responded similarly 
to the toxicants evaluated, whether both species respond 
similarly to endrin is difficult to say. 

Trials With Compound SD-4402.-In laboratory 
studies, SD-4402 (1,3,4,5,6,7,8,8 octochloro 3a,4,7.7a- 
tetrahydro-4,7-methanophthalan) was found to be the 
most effective one of all the organochlorine insecticides 
evaluated as larvicides against the eye gnat H. collusor 
(Mulla 1960a). Loss of activity of this material from soil 


surface, however, was shown to be fairly rapid (Mulla 
1960b). In order to evaluate this compound in the field, 
plots in the MacPherson date ranch were treated at the 
rates of 2,5, and 10 pounds per acre on July 15, 1959. The 
plots were located in the southwestern block of the date 
garden and the soil type was Coachella fine sand. The 
ground was disked immediately after treatment. 

During the initial evaluation (1 month after applica- 
tion) the emergence of both //ippelates collusor and II. 
hermsi from the untreated plots was appreciable. The 
various rates of SD-4402 resulted in good-to-excellent 
control of both species (table 5). The same doses against 
the two species produced better control of //. hermsi than 
of I. collusor. But in both cases, the per cent control 
increased as the dosage of the toxicant increased. 

The plots were evaluated again 3 months after treat- 
ment. The emergence of [ippelates collusor was substan- 
tial during this testing period while that of 17. hermsi and 
I. dorsalis was very low. The emergence of I]. pusio from 
the untreated plots was considered moderate. 

During this second evaluation period the highest rate of 
SD-4402 produced excellent control of I. collusor, al- 
though a decrease in the level of control from the initial 
level was noticed for all the dosages. The amount of de- 
crease in the control of this species was the greatest for the 
2-pounds-per-acre rate, and the least for the 10-pounds- 
per-acre rate. A direct relationship between the dosages 
and the degree of control was still apparent. 

The two higher rates of SD-4402 produced excellent- 
to-complete control of [Hippelates pusio 3 months after 
treatment. The lowest dosage, however, did not result in 
an appreciable control of the species. The emergence of 
IH. hermsi and I. dorsalis was so low that no definite 
conclusions ean be made with regard to the control of 
these two species, although the highest rate of SD-4402 
produced complete kill of //. dorsalis. 

The plots treated with SD-4402 were again evaluated 
for emergence approximately 1 year after treatment. 
Good control of //ippelates collusor was obtained only 
with the 10-pounds-per-acre rate. The 5-pounds-per-acre 
rate produced slightly lower control of this species than 
the 10-pounds-per-acre rate. The 2-pounds-per-acre rate 
did not yield appreciable control of the gnat. This rate 
also yielded very little control of //. hermsi. The two 
higher rates, however, yielded fair control of //. hermsi. 
From this evaluation it is apparent that the higher rates 
of SD-4402 were declining in activity against the gnats. 

The plots treated with SD-4402 were re-evaluated for 
gnat emergence during November-December 1960 or 
approximately 16 months after treatment. The gnat 
emergence was low to moderate from all treated and 
untreated plots. Good control of //. collusor was obtained 
at the 10-pounds-per-acre rate. The intermediate dosage 
(5 pounds acre) produced moderate control of this 
species. Control of //. hermsi was rather low at all dosages. 
Due to similar susceptibility of the two species to larvi- 
cides, it is possible that //. collusor control would have 
been low also, had the emergence of this species been 
adequate from the plots. 

Efficiency of Larvicidal Treatments.—The efficiency of 
area-wide larvicidal treatments against //ippelates eye 
gnats may not approximate the efficiency obtained in 








+ 


itl 


of 


or 


August 1961 


MvuLLA: CONTROL O 


FE Hippetates GNAtTS 641 


Table 5.—Control of Hippelates gnats with various dosages of SD-4402 applied as sprays to soil in MacPherson date 








Garden." 
AVERAGE NuMBER OF Hippelates/CAGe AND PER Cent ContTROL 
Collusor Hermsi Dorsalis Pusio 
DosAGe (LB Cinats Control Gnats Control Gnats Control Gnats Control 
POXICANT/A. Cage / Cage (% Cage (%) Cage (%) 
1 Month After Treatment 
‘4 10.3 74 1.3 93 
3 5.8 S4 1.0 95 
I 3.0 2 O.4 98 
None 39.3 IS.3 
$ Months After Treatment 
2 72 15 1.0 0 0.1 75 0.7 65 
5 20) 76 0.2 60 0.1 75 0.2 90 
10 10 89 0.5 0 0.0 100 0.0 100 
None 85 0.5 O.4 2.0 
1? Months After Treatment 
June 10-July 7, 1960 
) 120.2 12.6 6.9 17.9 
5 31.8 76.9 ) 1420 
10 19.1 86.1 3.4 64.8 
None 137.4 9.6 
16 Months After Treatment 
November-December 19€0 
2 5.1] O.0 1.1 10.0 
5 0.4 70.0 LO 11.0 
10 0.2 89.0 2.9 57.0 
None boa 6S 
* Plot size was 20’ X60". Each treatment was replicated four times in a randomized latin square design. The plots were treated on July 15, 1959. 
I'welve emergence cages were set per plot 
len emergence cages were set per plot 


small experimental plots. Experimental plots are treated 
very carefully and are disked under soon after treatment, 
thus making full use of the dosage of the toxicant. In 
large-scale control programs where hundreds of acres are 
treated each day, part of the treated ground ts usually not 
disked under for 2 to 8 days. A good portion of the toxi 
cant disappears from these undisked fields, reducing the 
overall activity of the treatment (Mulla 1960b). 

The level of gnat population in an area may also deter 
mine the degree of economic control with larvicidal treat 
ments. A 90% to 950% reduction of heavy gnat population 
with an effective larvicidal material may not result in 
marked relief from pestiferous gnats. The same larvicidal 
material vielding the same or even lower degree of control 
in another area where lower population densities are 
maintained, may result in economic control of the pests. 

An important factor in determining the extent and 
efficiency of economic gnat control with larvicidal treat 
ments is the ratio of the treated grounds to the untreated 
inan area. An increase in this ratio will result in increased 
overall control of gnats in a treated area. Under normal 
conditions such as those existing in the Coachella Valley, 
it is not possible at the present time to treat all the breed 
ing niches in an area characterized by a diversified agricul 
tural economy. Alfalfa’ fields, golf courses, and other 
noncultivated farm land breeding //ippelates eve gnats do 
not vield, at present, to larvicidal treatments. Also, 
breeding niches under mature citrus trees ina citrus grove 
are extremely difficult to cover with the larvicidal mate 


rials. Numerous situations similar to these have been 
encountered during the programing of large-scale larvi- 
cidal treatments by the Coachella Valley Mosquito 
Abatement District. 

There are many other factors contributing to inefficient 
control of eye gnats by an efficient larvicidal material 
employed in large-scale control programs. Some of these 
factors have been discussed earlier (Mulla 1958) and 
others will be elaborated upon at another time. 
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Chemical and Biological Assays of Lindane Residues on Alfalfa’ 


Henry L. France, Ropert FE. Treece and George W. Ware,? Department of Zoology and Entomology, Ohio 
Agricultural Experiment Station, Wooster 


ABSTRACT 

Schechter-Hornstein chemical assays of alfalfa treated at 6- 
inch height in 1959 with lindane spray revealed detectable resi- 
dues at 28 and none at 35 days with 0.25 pound per acre, and 
detectable residues at 42 days after application with 0.5 pound 
per acre. Alfalfa-red clover treated in 1960 at 12-inch height 
with 0.2125 pound per acre had detectable residues at 24 and 
none at 32 days. Bioassay using mosquito larvae indicated 
lower residues than chemical assay on the 1959 crop 


A label for the use of lindane (99°% gamma isomer of 
1,2,3,4,5,6-hexachlorocyclohexane) has recently been 
granted for use on alfalfa and clover at the rate of 0.2 
pound actual per acre (Anon. 1960). Anticipating the use 
of lindane in Ohio, this work sought to determine the 
residual life of this insecticide applied to alfalfa as an 
emulsion spray at 0.25 and 0.5 pound per acre. The 
Schechter-Hornstein colorimetric BHC analytical method 
(1952) modified by Wylegala et al. (1956) and Ware 
(1959) was used for the chemical assays. The bioassay was 
a photomigration technique based on the methods of 
Burchfield & Hartzell (1955) using second instar mosquito 
larvae, Aedes aegypti (L.). 

ALFALFA Resipugs, 1959. 
dane were made to plots of alfalfa 6 inches in height on 
April 29, at the Ohio Agricultural Experiment Station, 
Wooster. Six plots 25’50’ were sprayed with lindane 
emulsion, three each at 0.25 and 0.5 pound per acre. Three 
untreated plots served as controls. Alleys 50’ wide were 
left between applications to avoid drift. Sprays were 
applied at 9 gallons per acre and a pressure of 40 p.s.i. 
with a 13-foot conventional boom-type weed sprayer 
mounted on a jeep which had been modified for experi- 
mental spray purposes. 

Samples were collected from all plots immediately 
following application and at 1, 3, 5, 7, 14, 21, 28, 35 and 42 
days. Samplings were made by cutting 1,000 to 1,500 


Field applications of lin- 


grams at random from each plot and the cuttings com- 
bined from the three replicates of each treatment. From 
this, six 500-gram samples were taken, three each for 
chemical and bioassay, packed in polyethylene poultry 
bags and stored at 0° F. until stripped. The samples were 
chopped and stripped by rolling for 1 hour with redistilled 
hexane, 2 ml. per gram of samp.e. On filtering, 800 ml. of 
solvent was collected, representing 400 grams of sample. 
The solvent was then evaporated to dryness in the hood 
and the extracts taken up in 400 ml. of redistilled methy- 


lene chloride. The samples were then cleaned with char- 
coal as used by Ware (1959), and carried through the 
modified Schechter-Hornstein methods. This system 
permits the use of up to 250 grams of sample, thus in- 
creasing the sensitivity over the minced crop and direct 
soil methods of Lichtenstein et a/. (1956) and Lichtenstein 
& Schulz (1960). 

Bioassay samples were stripped by the same methods 
used for chemical assay, except that the evaporated 
hexane extracts were taken up in three rinses of redistilled 
acetone totaling 40 ml. The acetone extracts were then 
chilled to 0° F., and filtered with chilled equipment in the 
deep freeze. The filters were washed with 10 ml. of chilled 
acetone and the samples brought to 50 ml. volume to be 
held at 0° F. for bioassay. This process removed most of 
the waxes taken up in stripping. The rearing procedures 
for Aedes aegypti (L.) adults and larvae were those of 
Burcham et al. (1956). 

Before testing, the acetone extracts were brought to 
room temperature. Three replicates were run for each 
sample tested, using hot drink cups for test containers. To 
each cup was added 99 ml. of distilled water and 1 ml. of 
acetone extract. A standard curve was run with each day’s 
test to offset day to day variations in the test organisms. 
The standard curve was made of plant extracts fortified 
with lindane to yield 0.02, 0.025, 0.0375, 0.05, 0.075 and 
0.1 p.p.m. lindane in the aqueous test solutions. To all 
test and standard cups were added approximately 150 
second instar mosquito larvae with a large-mouth medi- 
cine dropper. This involved 2 drops of larvae from the 
stock cup. The cups were covered with paper towels and 
left undisturbed for 20 hours until mortality counts were 
made. 

Mortality was determined by the method of Osborn 
(1957) using the negative phototropic response of the 
larvae to separate living from dead and moribund. The 
test concentrations producing extreme mortality were 
retested by diluting with acetone by ratios of 1:1, 1:3, or 
1:7 until the per cent kill fell within the limits of the 
standard curve. 

The results which appear in table 1 indicate a relatively 
good agreement between chemical and bioassay determi 
nations. The chemical method was more sensitive for 
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Table 1.—Lindane residues on alfalfa determined by chemical assay or by bioassay.* Wooster, Ohio. 1959. 


LINDANE RESIDUES ON ALFALFA 
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Days Arrer APPLICATION 


LINDANI 

(LB./A.) 0 l 3 5 7 14 21 28 35 42 
1. Chemical assay 
0.25 97.70 27.35 gs Bae $.26 2.16 0.76 0.16 0.00 0.00 0.00 
88.50 28.29 28 47 2.66 2.50 0.89 0.16 0.06 0.00 0.00 
94.25 23.90 30.20 3.86 2.97 0.89 0.09 0.06 0.00 0.00 
Average 93.48 26.51 28.81 3.59 2.54 O85 0.14 0.04 0.00 0.00 
0.5 257.45 20.32 21.18 13.00 1.82 1.86 0.46 0.00 0.06 0.04 
183.90 40.90 42.36 12.53 1.28 1.08 0.36 0.13 0.05 0.04 
221.04 61.81 t+. 44 9.00 1.62 1.76 0.28 0.25 0.05 0.00 
Average 220.79 $1.93 35.99 11.53 1.57 1.55 0.36 0.13 0.05 0.03 
B. Bioassay 

0.25 90.5 24.3 a7. 2.5 2.0 0.6 0.0 0.0 0.0 0.0 
85.0 25.5 29.3 3.0 2.5 0.6 0.0 0.0 0.0 0.0 
$1.3 30.9 28.1 2.s 1.8 0.8 0.0 0.0 0.0 0.0 
\verage 85.6 26.9 8.4 2.6 2.0 0.7 0.0 0.0 0.0 0.0 
0.5 205.3 7.0 35.3 5.3 3.5 1.0 0.3 0.0 0.0 0.0 
198.0 56.0 33.5 S.8 1.6 1.5 0.3 0.0 0.0 0.0 
201.9 55.1 29.2 11.9 1.8 1.3 0.3 0.0 0.0 0.0 
Average 201.7 56.0 $2.7 8.7 3.9 1.3 0.3 0.0 0.0 0.0 





® P.P.M. based on dry 


weight of samples 


Table 2.—Lindane residues on 
termined by chemical assay." Columbus, Ohio. 1960. 


alfalfa-red clover de- 





LIN- Days Arprer APPLICATION 
DANI 
LB./A 7 12 IS 24 $2 10 
0.2125 $3.35 1.82 0.66 0.10 0.00 0.00 
2.92 1.93 >. 7) 0.00 0.00 0.00 
ae a 1.99 0.60 0.10 0.00 0.00 
Average 3.01 1.91 0.66 0.07 0.00 0.00 





samples 


* P.P.M. based on dry weight of 


detecting low levels of lindane than was the bioassay. 
Acetone extracts bioassaved and found to be sublethal 
were not fortified. 

The chemical detectable 
lindane 28 days after application of 0.25 pound per acre. 
Residues of the 0.5 pound application were detectable 42 
days after treatment. Similar data from chemical assay, 


assay indicates levels of 


but of shorter persistence, are reported by Fahey ef al. 
(1960). Bioassay detected no lindane 21 days after the 
0.25-pound application, and none 28 days after the 
(.5-pound application. 

ALrALFA-Rep CLover Resipurs, 1960, 
were made to alfalfa-red clover 12 inches in height on 
April 29, at Don Scott Field, Columbus. Plots were the 
same size as in the 1959 treatments, replicated three 
0.2125 


Applications 


times, and treated with a lindane emulsion at 
pound per acre. The material was applied at 10 gallons per 
acre and 30 p.s.i. with the jeep-mounted boom sprayer. 
Three 500-gram samples were collected for chemical assay 
at 7, 12, 18, 24, 32 and 40 days. The dry weight residue 
data appear in table 2. 

These and the 1959 data agree 


of lindane for alfalfa and clover on a 30-day waiting 


with the recent labeling 


period, 
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Control of Insects and Mites Attacking Mint in Central Washington! 


Kennetu FE. Frick,? /rrigation Experiment Station, Prosser, Washington 


ABSTRACT 


The two-spotted spider mite (Tetranychus telarius (L.)) is the 
most serious pest of peppermint and spearmint in central Wash 
ington. A single application of 0.75 lb. per acre of Kelthane 
(1,1-bis(p-chlorophenyl) 2,2,2-trichloroethanol), used for 4 years 
in the experimental program, gave outstanding seasonal con 
trol. Tedion® (p-chloropheny! 2,4,5-trichloropheny! sulfone), at 
0.66 lb. per acre, gave equal control, but only 2 years’ data of 
residues on the hay and in the oil have been collected. Singl 
applications of parathion, Diazinon 0,0-diethyl O-(2-iso 
propyl-6-methyl-4-pyrimidy! thiophosphate), ethion, and Tri 
thion® (S-(p-chlorophenylthio)methyl 0,0-diethyl phosphorodi 
thioate) have given fair control. The data indicate that these 
materials should be used at 1.5 lbs. per acre for adequate control 


Peppermint and spearmint are extensively grown in 
south-central Washington, and the region has been con 
sidered one of the major producing areas for several vears 
(Pultz et al. 1954). The acreage remained small from 1926 
until 1940. Since then the acreage has increased steadily 
each year (Liebel 1956). In 1959 there were 13,300 acres of 
peppermint in Washington, of which only 1,200 were west 
of the Cascade Range (Wilcox & Doctor 1960). The 
acreage of spearmint in 1959 was 5,100 with an additional 
+,400 acres planted in 1960, all in South Central Washing 
ton east of the Cascades. 

The yields of oil per acre are high and average about 
twice those of the Mid-West States (Pultz et a/. 1954, 
Wilcox & Doctor 1960). In 1959, eastern Washington 
peppermint averaged 75 pounds of oil per acre and spear 
mint averaged 95 pounds per acre. Yields in excess of 120 
pounds of oil per acre are a matter of record (Walker 
1954), and are reported each season throughout the area 
for both peppermint and spearmint. Such high vields are 
considered to be due to the long, hot sunny days during 
June, July, and August (Liebel 1950). Because rainfall is 
low (vearly average 7.5 inches) all of the mint is grown 
under irrigation. 

Pests ArrackinG Mint. Unfortunately, the environ 
ment responsible for high vields is conducive to the rapid 
development of the two-spotted spider mite, Tetranychus 
telarius (L.). Central Washington is the only mint 
producing area in the United States in which this mite is a 
major pest. Bierly (1960) reported 7. telarius severely 
damaging mint in western Oregon; however, that species 
subsequently proved to be 7. atlanticus (Anon. 1960). 
Gould (1966) reported the two-spotted spider mite associ 
ated with mint in Indiana, but of no economic importance. 
Klostermeyer (1952) stated that this mite first caused 
damage to mint in 1950 in the Yakima Valley. Since that 
time, this spider mite has been the most important pest 
attacking mint. 

Other foliage-feeders include five species of caterpillars 
in the families Noctuidae (first three) and Pyraustidae 
(last two): Heliothis phloxiphaga (G. & R.), the alfalfa 
looper, Autographa californica (Speyer), the bertha army 
worm, Mamestra configurata Wlk., Pyrausta orphisalis 


I-methoxyearbonyl-l-propen-2-yl_ dimethyl] 
1,2-dibromo-2, 2-dichloroethy| di 


applications 7 days apart for 


TEPP, Phosdrin 
phosphate - and Dibrom 

methyl phosphate) require 
satisfac tory control. All of the phosphate pest ides tested con 
trolled a mint aphid, Phorodon menthae (Buckton). DDT has 
been satisfac tory tor ¢ ontrol of the mint flea beetle Longitarsus 
waterhouse’’ Kutschera), alfalfa looper futographa californica 
Speyer)), and the cutworm, /eliothis phloxriphaga (G. & R 

Aldrin or dieldrin incorporated into the soil has controlled root 
feeding larvae, including those of the mint fleat beetle, straw 


berry root weevil (Brachyrhinus ovatus (L ten-lined) June 
heetl Polyphyila decemlineata Sav), a scarab, { phodiu 
granarius L be and Wireworms 


Wlk., and the beet webworm, Lo.rostege sticticalis (L. 

Other insects feeding on mint foliage are the mint flea 
beetle, Longitarsus waterhousei WKutschera, an aphid 
(Phorodon menthae (Buckt. 


the mint aphid, and leafhoppers in the genus /m poasca. 


. referred to in this paper as 


Insects feeding on the roots include the larvae of the 
mint flea beetle, strawberry root weevil, Brachyrhinus 
ovatus (L.), ten-lined June beetle, Polyphylla decemlineata 
(Say), a small scarab, -Aphodius granarius (L.), wire 
worms, and an aphid, cfwuraphis  menthae-radicis 
(Cowen 

For several of these pests, control programs worked out 
in other parts of the country proved satisfactory. For 
others, no chemical controls. have been considered neces 
sary. The mint flea beetle is adequately controlled with an 
application of 1.5 pounds actual DDT per acre about mid 
July. This is applied about 15 days after the first adults 
appear but before oviposition begins. The life history and 
damage of the mint flea beetle were well deseribed by 
Gould (1935). 

I’m poasca feed primarily on the lower leaves and cause 
a white stippling on the upper surface. The loss of leaves 
caused by leafhopper feeding is apparently slight and is 
hard to evaluate because the lower leaves are subject to 
dropping from several causes. These include shading, 
drought, and powdery mildew, Lrysiphe cichoracearum 
DC. Anuraphis menthae-radicis has been found only once 
during the past 5 vears and then it caused no apparent 
injury. The populations of the two species of pyraustid 
moths have fluctuated widely and no control program was 
attempted. The larvae of Pyrausta orphisalis appeared as 
early as May 17 feeding on the terminal growth, where 
their webbing was quite noticeable. There appear to be 
three generations a vear. In August, the adults sometimes 
(1956, 1958, and 1960) become extremely numerous in the 
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mint fields. This is a very small species and damage is 
negligible. Larvae of the beet webworm were noticeable 
only in 1956 and 1957. In 1956, larvae of this species con 
stituted about one-third of the caterpillar population in a 
spearmint field in late June, the other two-thirds being 
the alfalfa looper. The control program used by the grow 

ers to control the larvae of noctuid moths has no doubt 
reduced the numbers of both pyraustid species, but 
particularly of the beet webworm. The bertha armyworm 
has been reported twice by B. J. Landis, Union Gap; once 
in 1951 and again in 1957 (personal communication 

Both infestations were limited to individual fields. 

All of the root-feeding insects, including the mint flea 
beetle, have been adequately controlled with soil applica- 
tions of 5 pounds per acre of aldrin or dieldrin applied 
every third or fourth vear. The strawberry root weevil is 
the most serious subterranean pest. The larvae overwinter 
and continue feeding in the spring. By mid-May from 
50%% to 75% of the larvae have pupated. The adults ap 
pear in late May and early June. In one field in which the 
soil remained undisturbed, numerous emergence holes 
were observed on June 7, 1960. By August the larvae are 
more than one-half grown and boring in the roots. If the 
larvae are very numerous, the damage caused to the 
plants can become noticeable. However, the infestation 
usually goes undetected until the following May, when 
poor growth and bare areas in a field indicate larval 
damage. Infestations of larvae of .{phodius granarius, 
found around dead roots in bare patches from April 30 to 
May 25, 1956, indicated that they attack living roots. 
Since that time no more infestations of Aphodius larvae 
have been found, probably because of the widespread use 
of insecticides in the soil. 

Several pests have required control because of their 
general persistence over the vears. The two-spotted spider 
mite has damaged some fields every vear since 1950 and tt 
is a threat to all fields each season. The earliest recom 
mendations prescribed two applications of parathion or 
TEPP (Klostermever 1952, 1954). It was the search for 
acaricides with longer residual action that prompted 
undertaking the work reported in this paper. In particu 
lar, an acaricide was sought that would, in a single 
application, control mites from early to mid-July until 
peppermint harvest in late August or early September 

The mint aphid has seldom become sufficiently numer 
ous to cause damage, but its continued presence in most 
fields has posed a constant threat. An application is 
generally made for aphid control, usually in combination 
with an acaricide. Several of the phosphate insecticides 
have been used successfully. 

The alfalfa looper and //eliothis phloxiphaga are very 
general feeders in the larval stage (Crumb 1956). Both 
species heavily attack both spearmint and peppermint in 
South Central Washington. The alfalfa looper has been 
more abundant in June, while //. phloxiphaga has been 
more abundant in July and August. Infestations varied 
greatly from vear to year and were high in 1956 and 1957, 
somewhat reduced in 1958, very low in 1959, and on the 
increase in 1960. DD'T alone or in combination with 
malathion has been used successfully to suppress cutworm 
populations. 

The general reductions of damaging numbers of cut 


worms and webworms appear to be due to a combination 


Frick: CONTROL OF INSECTS AND MITES ON MINT 645 


of parasites, disease, and a more consistent and wide- 
spread control program. The following parasites were 
reared in 1956 from the alfalfa looper: Voria ruralis 
(Fall.), (Tachinidae, Diptera), Cam politis websteri (Vier.) 
(Ichneumonidae, Hymenoptera), and Microplitis alas- 
kensis Ashm. (Braconidae, Hymenoptera). Many alfalfa 
looper and beet webworm larvae succumbed to disease in 
the rearing cages in 1956. Specimens sent to Dr. Edward 
A. Steinhaus had completely decomposed at the time of 
arrival at his laboratory. He reported (personal communi- 
cation) that a granulosis virus was present in quantity 
and that a few polyhedra were also observed, suggesting a 
polyhedrosis virus. There has been no further evidence of 
diseased larvae. 

In 1957 the Experiment Station established plots of 11 
numbered varieties of peppermint in order to compare 
them with the standard Mitchum variety. Caterpillar 
populations varied greatly among varieties. On two 
smooth-leafed varieties (including Mitchum) the worms 
averaged eight per 10 sweeps per plot. On one curly- 
leafed, hirsute variety, there was an average of seven. 
There were nine curly-leafed smooth varieties with an 
average of 39 larvae per plot. 

MareriaAts AND Metuops.—-Materials.—With _ soil- 
inhabiting insects controlled by aldrin or dieldrin, and 
mint flea beetle and cutworms by DDT, the experimental 
program, begun in 1956, was directed towards control of 
the two-spotted spider mite and the mint aphid. Because 
of the increasing difficulty experienced by the growers in 
controlling the spider mite with phosphate pesticides, the 
development of a long-residual acaricide was considered 
essential. In 1956, two types of materials were considered, 
(1) a long-residual acaricide, and (2) a combination 
acaricide-aphicide providing some residual action. In 
1957, a third type was added—a combination acaricide- 
aphicide with no residual action. 

Should the residues of the long-lasting acaricides re- 
maining in the oil after distillation prove to be too high for 
registration, a phosphate giving control of both mites and 
aphids might have to be relied upon. Should residues be 
excessive in the oil, the nonresidual phosphates would 
constitute the third line of defense. 

The long-residual acaricides (chemical names of propri- 
etary pesticides used are given below*) used were Kel- 
thane,” Aramite,“ Tedion®, and Genite.” The phosphate 
pesticides providing some residual action included para- 
thion, demeton, Diazinon,” Trithion,* phosphamidon, 
malathion, and ethion. The nonresidual materials tested 
were Phosdrin,® Dibrom,* and TEPP. All materials used 
in sprays were emulsifiables and the amounts given for 
each throughout this paper are in pounds of active in- 
gredient per acre. 

Vethods.— Mint in the irrigated areas is grown in rows 
with 32-inch spacing to provide for rills. This greatly 
facilitated the laying out of plots and the use of tractor- 


* Aramite -( p-tert-buty phenoxy) isopropyl! 2-chloroethy] sulfite 


Dibrom— 1,2-dibromo-2, 2-dichloroethyl dimethyl phosphate 


Diazinon —O,0-diethy] O-(2-isopropyl-6-methyl-4-pyrimidyl) thiophosphate 
Genite— 2,4-dichloropheny! ester of benzenesulfonic acid 
Kelthane—1,1-bis(p-chloropheny!) 2,2,2-trichloroethanol 

Phosdrin— 1-methoxycarbonyl-1-propen-2-yl dimethyl phosphate 
ledion—-p-chlorophenyl 2,4,5-trichloropheny] sulfone 
lrithion—S-(p-chlorophenylthio) methyl 0,0-diethyl phosphorodithioate 
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Table 1.—Control of the two-spotted spider mite, Phoro- Table 2.—Control of the two-spotted spider mite on pep- d 
don menthae, alfalfa looper, and leafhoppers on peppermint permint 5 days after three applications of pesticides made 
a r y2 ication. sser, Washing- rom July 17 toS mber 1. sser, i : ; 
5 and 14 days after a July 25 application. Prosser, Washin fro ly 17 to September 1. Prosser, Washington. 1957 te 
ton. 1956. 
— ACTUAL PER ACRE (LB. No 5] 
No. Mires No. Apuips No. Looprrs No. Leat Mires ON ay 
Ac , o o o OPPERS 0 : a : a 
a é 2 * sot ce reat POXICAN July 17 Aug. 14 Sept. 1 Sepr. 6 tl 
Tox ACRE July Aug July \ug July Aug July Aug 
CANT LB.) 30 ba 0 Ss 0 Ss 0 Ss Kelthane 0.75 5 W 
Kelthane 1.5 12 l -| a7 5 7 62 1638 0.75 0.75 l Ce 
\ramite 2.0 5 1 6 +6 10 93 226 of 
Demeton 0.5 13 7 ' 21 2 1 5 105 elthane 0.75 
0.25 18 7 16 28 5 8 24 102 kK It _ ha ae 4 Ww 
Parathion 0.5 19 14 13 31 ' 2 524 3% dust 0.79 0.75 I tl 
Untreated 29-25 2444 10 6 64 146 
Aramite 1.5 1 
1.5 Ld 0 
, ari 0 0.25 
drawn sprayers and dusters before the mint became a Parathion Soe ae wi : 
. . ~~ o> dl re 
solid canopy about mid-July. = 
In 1956, the west edge of a grower’s peppermint field, Demeton 0.5 i 
adjacent to a dusty driveway, was chosen. Dusty road 0.5 0.5 0 
ways increase mite populations, especially when situated Phosd a ia - ; 
age ° ‘ . ‘ae ‘ 1osdrin a5) ‘ 
west or south of fields in the direction of prevailing winds. 0 95 0.25 9 , 
Five replications, each nine rows wide and 200 feet long, D 
were separated from each other by one row. Each plot 0.5 17 KE 
was four rows, or 10.67 feet, wide, and 60 feet long and 0.9 0.9 0 P: 
. : >| 
was separated from the others by one row and at each end reEPP 0.75 19 “ 
by 10 feet. The treatments were arranged in a randomized 0.75 1.5 8 1D) 
block design. 0.75 1.5 1.5 I _ 
The sprayer was mounted on a small tractor and had a nee ; 
° ° a ie ntreatec oo 
tractor-driven roller pump that provided a pressure of 30 
p.s.i. The boom held four flat spray nozzles,’ one above Et te cote acatteh in efi hal sal Pp 
each row. Tractor speed was adjusted so that 21 gallons of al 
— per eg sai ment Station Farm in 1957 and was ready to use in 1958. ? 
le methoc of sampling pest popu ations was that Eight treatments each consisted of five rows separated 
described by Klostermeyer & Rasmussen (1956), except from each other by one row. There were 20-foot spaces 
that only 10 sweeps from the two center rows of each plot between the five replicates This field was surrounded on 
were = The sweepings, consisting of mites, insects three sides by dusty roadways. The sprayer was equipped 
wa . “ie aa pean “a sen pr thes described, with five nozzles on the boom, one above each row, and 10 
P y » |e " P é > swee Is ~ nv 
roug it into the la oratory, anc t T weeping : minu nozzles on drag-booms near the ground. These lower : 
spider mites, were examined for the mint aphid, alfalfa nozzles were adjusted to spray up under each row from 
looper, and leafhoppers. Che numbers of each ys  sactuaa iam either side. Spray was applied at 20 gallons per acre in = 
table 1 are the totals for the 10 sweeps. rhe spider mites 1958 and 22 gallons in 1939. The field sampling method in 
were counted on the counting plate illustrated by Kloster these veers was molified ic obtain o maces Qreutete cot © 
meyer and Rasmussen and the counts in table 1 represent mate of pider mite population Five stems, taken at 
. . re ° « 5 < ‘. , “ Ss. aAkKC « 
one-tenth of the populations present. The totals of mites random from throughout the center row of each plot, were 
and aphids in the other 4 years represent one-tenth of thi cut off below the lowest leaves. These were brought into 
populations because the counting plate was used for both Be lnbecsiany whee 66 lnaves tekken iaceaniacel 1% Pi 
< z é i ; ‘ ‘ s ak I - ti 
cies after 1956 ; ; rns 
species after 1956. length of each stem were removed and brushed with the W 


In 1957 the two-spotted spider mite was the only 
species for which population counts were taken. Two 
replications of 18 treatments were established. Each plot 
was 6013.33 feet, or five rows, wide. This block was 


machine described by Klostermever & Rasmussen (1956). 
Because the mites start on the lower leaves and work up 
the stems as populations increase, this method detects an 
infestation more readily than sweeping the tops of the 


again on the west edge of a farmer’s peppermint field with plant ' 
an adjacent dusty road. The boom of the sprayer was > . j , . 
an acy aoe Pare we In 1960, an acre each of spearmint and peppermint were | 
modified so that 11 nozzles sprayed down on the five rows chin te a amo “s fiel : | 
T) le f : ' set aside in a grower’s fields for the testing program be 7 

lere Was one nozzie tor each row ane me ‘twee “ac . ‘ + ° 

Thi . md one Det we ah te. cause the peppermint at the Experiment Station was used | 

row. This arrangement gave superior coverage ¢ ‘ : Sat 

lied 30 . é ~" g won “ erage am = for late-season applications for residue analyses on the | 
ped « Jailo Oo way per acre, * dusts were j “ is by . . 
I galions of spray per acre le dusts were apple hay and in the oil. The plots were identically arranged in { 


to each single row with a rotary hand duster calibrated to 
apply the same amount of actual Kelthane per acre as the 
sprayer. Sampling was by the same method described for 
1956 except that the 10 sweeps were taken down the three 
center rows of each plot. 

A field of peppermint was established on the Experi 


both the spearmint and peppermint fields and were 11 
rows wide, or two treatments separated by one row, 600 
feet long, and were removed from any edge effect except 
that 60 feet of mint separated one end of the plots from a 
r Systems Co., Bellwood, Hlin 


* TeeJet, Spraying 


pep- 
nade 


mn 
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dusty road. In either series of plots, the replication closest 
to the road had the highest mite populations. Eight treat- 
ments and four replications were used in both fields. The 
sprayer was modified so that the output was increased to 
33 gallons per acre, the pressure increased to 100 p.s.i. at 
the pump, and agitation provided in the tank. Because 
mite and aphid populations were low in the spearmint, 
each sample was increased to 10 stems per plot. From each 
of these, 10 leaves throughout the length of each stem 
were removed for brushing. This total was also used for 


the three peppermint samplings 


Table 3.—Control of the two-spotted spider mite and 
Phorodon menthae on peppermint 31 days after a July 11 
application. Prosser, Washington. 1958. 





ACTUAL PER No. Mires on No. Aputps on 
POXICANT Acre (LB Ava. 1] Ava. 11 
Kelthane 0.75 9 10 
Trithion 1.0 52 9 
Diazinon 1.5 45) 7 
Ethion oe 4 4 12 
Parathion O05 66 15 
Phosphamidon 1.0 96 12 
Phosdrin 0.5 85 13 
Dibrom 0 125 8 





Table 4.—Control of the two-spotted spider mite and 
Phorodon menthae on peppermint 11 days after a July 17 
application. Prosser, Washington. 1959. 








\OTUAL PER No. Mires on No. APHIDS ON 

POXTCANT ACRE (LB Juniy 28 Jury 28 
Kelthane 0.75 r bd 
Pedro 0.66 10 5 
lrithion 1.0 21 2 
Malathion ce 37 0 
Crenite t.0 d3 $1 
Untreated 1 33 
R ‘ i i es of ph I ‘ 

le t l total n 

nd 36 n nd 38. 28. 30 | , 


Table 5.—Control of the two-spotted spider mite and 
Phorodon menthae on spearmint 19 days after two applica- 
tions of pesticides made on July 2 and July 9. Prosser, 
Washington. 1960. 








ACTUAL PER ACRE (LB No No. Apu 
Mires on IDS ON 
POXtCANT July 2 July 9 JULY 28 IuLy 28 
Kelthane 0.75 ) >t 
Pedior 0.66 | $1 
Diazinon 0.5 4 3 
Prithion 1.0 l ] 
Phosdrit 0.5 0.5 4 4 
Dibrom 3.0 3 0) 0 6 
Untreated 19 $1 
Appl 1 ed be ise t p to | e been sp ed 
| te 1 thas er mat t nl Rapid plant g ! 
ste nm ipplie tior 
Plus Volek Supreme summer oil at the te of T pint per acre with both ap 
pl 
Rep ts a , ' sp | lots. One was t Wve 
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At harvest the oil was distilled from the plots in either 
of two plot-size stills. Each cooker held the hay from a 
5-row plot 50 feet long, or up to 125 pounds of freshly cut 
hay or 200 pounds of field-dried hay cut about 24 hours 
ahead of distillation. Hay samples were collected for 3 
vears, beginning in 1958. These were sent to the Depart- 
ment of Agricultural Chemistry of the Experiment Sta- 
tion for residue analyses. 

Resuuts.— Two-spotted Spider Mite-——Three materials 
have given outstanding control of the spider mite. These 
include Kelthane, used for 5 seasons (tables 1, 2, 3, 4, 5 
and 6), Aramite in 1956 and 1957, and Tedion in 1959 and 
1960. Aramite was no longer tested following the estab- 
lishment of a zero tolerance. Demeton at 0.5 pound per 
acre gave moderate control in 1956 and good control in 
1957. However, because of difficulties in extracting the 
residues from the oil, this material was dropped from the 
control program. No other acaricide has given control 
comparable with Kelthane or Tedion, even at higher 
dosages per acre. 

At least 1.5 pounds per acre of parathion, Diazinon, 
ethion, or Trithion are apparently required to provide 
moderate control of mites. In 1958 parathion was used at 
one-third the dosage of Diazinon and ethion and resulted 
in mite populations three times as great (table 3). Diazi- 
non at 0.5 pound per acre on both spearmint and pepper- 
mint in 1960 was a failure (tables 5 and 6). Trithion, used 
at 1 pound per acre for 3 years, has given fair control 
(tables 3, 4, and 6). The 1960 results with Trithion on 
spearmint show excellent control after 19 days as com- 
pared with Kelthane and Tedion at 26 days (table 5). 
However, populations were very low on spearmint, and 
Trithion should be used at more than 1 pound per acre for 
dependable mite control. 

Of the phosphate materials lacking residual action, 
TEPP, Phosdrin, and Dibrom have been used. The 1957 
results showed that several applications of TTEPP and 
Phosdrin were necessary for control (table 2). Single 
applications of Phosdrin and Dibrom failed in 1958 (table 
3). In 1960, control of a very low population was good 
after 19 days (table 5), but only fair after 18 days of a 
heavy population (table 6) when two sprays of either 
material were used. However, it was shown in 1957 that 
Phosdrin is very toxic to the spider mite. Heavy popula- 
tions appeared in the variety planting of peppermint at 
the Experiment Station. A single application on July 27 of 


Table 6.—Control of the two-spotted spider mite and 
Phorodon menthae on peppermint on dates shown after ap- 
plications of pesticides made on July 14 and July 22. Prosser, 
Washington. 1960. 








ACTUAL PEI 
AcRE (LB No. Mrres on No. APHIDS ON 
July July July July Aug July July Aug 
PoXxtcant lt 22 2 | 20 9 21 29 9 
Kelthane 0.75 t 11 23 10 #2 57 
Pedion 0.66 ‘1 7 22 47 108 54 
Prithion 1.0 37 15 87 2 23 32 
Diazinon O.5 176 138 227 t 25 +8 
Phosphamidon 1.0 194 204 248 0 + 26 
Phosdrin 0.5 0.5 83 60 115 2 3 32 
Dibrom® 20 1.5 89 17 67 3 27 35 
Untreated 130 180 209 72 76 66 
Plus Volek Supreme summer oil at the rate of 1 pint per acre with both ap 


pleations 
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Phosdrin at 0.25 pound per acre killed 80°; of the mites of 
a population that was webbing the plants to the topmost 
leaves. This spray was applied from above the plants only. 
After 13 days the mites had again reached serious propor 
tions and the same concentration of Phosdrin gave 79° 
reduction. 

Phorodon menthae.— Aphids have been found on mint 
plants every year, but only rarely do they become a prob- 
lem. Aphid populations were not counted in 1957 because 
of the very low populations. Few aphids were observed in 
1958 but they were sufficiently numerous in 1959 and 1960 
to provide meaningful data on control. In 1956 control 
was poor, except for 0.5 pound demeton, and of short 
duration in all cases. This may be in part because the 
plants were sprayed from above only. In 1958, the period 
between application and counting (31 days) was too long 
and there was no apparent control of the low population 
by any of the materials. Only 11 days elapsed between 
application and counting in 1959. Both Trithion and 
malathion gave good control. In 1960 one application of 
Trithion, Diazinon, and phosphamidon gave comparable 
control of aphids. Two applications of Dibrom or Phos 
drin, spaced about 7 days apart, also provided adequate 
control. 

Alfalfa Looper and IH, phloxiphaga.— Only in 1956 were 
relatively large populations of the alfalfa looper in the 
plots and //. phloxiphaga has always been rare in the 
plots. Demeton at 0.5 pound per acre appeared to give 
some control of alfalfa looper up to 14 days after applica 
tion (table 1 

In 1957, looper and cutworm larvae became very nu 
merous in the peppermint variety block at the Experi 
ment Station. Because the oil was to be tested for quality, 
it was thought best to use phosphate materials having 
short residual action. On June 7, a heavy population of 
equal proportions of looper and cutworm larvae of all 
sizes was dusted with 5°) malathion at about 30 pounds 
per acre. In 3 days there was a 950% reduction. 

By July 24 there were many larvae present again but 
the population consisted of 10°7 looper and 90°7 cutworm 
larvae. Phosdrin was applied at 0.25 pound per acre which 
gave a 92° 7 reduction in 3 days. However, many adults 
were on the wing at that time and by August 8 a large 
number of worms was again present. The number of 
loopers had dropped to 4% of the total with cutworm 
larvae accounting for the remainder. Again, an identical 
Phosdrin spray resulted in a 93°% reduction after 4 days 

Leafhoppers.-_ Empoasca spp. were counted in 1956 and 
have not been considered since. The data indicate that 
some control was provided by demeton 5 days after appli 
cation with very little control after 14 days (table 1] 
General observations also bore out these results—that 
leafhoppers soon become very numerous following appli 
cations of pesticides. In the absence of evidence that leat 
hopper feeding reduces the yield of oil, no further work on 
control has been attempted. 

Discussion AND ConcLusions.._A number of pesti 
cides are in various stages of development for use on 
peppermint and spearmint, but the insect pests present on 
these crops in Washington can be adequately controlled 
with those materials registered for use in 1960. These 
include aldrin and dieldrin for incorporation into the soil 
and Kelthane, DDT, malathion, and TEPP for foliage 
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applications. However, the use of NKelthane was based 
upon a temporary tolerance granted by the Food and 
Drug Administration in June, 1960. Permanent registra 
tion was postponed until the 1960 data of residues on the 
hay and in the oil could be evaluated. Also, because DDT 
is being re-evaluated for its continued use on mint (Gould 
1960), it was included in the 1960 spray program for 
residue analyses only. 

Because the two-spotted spider mite is a serious pest on 
peppermint and spearmint in Central Washington, and 
TEPP or malathion cannot be relied upon to provide 
adequate control, an early application of Kelthane was 
recommended to the growers as a preventative measure. 
Kelthane was applied to spearmint before mid-June and 
to peppermint by mid-July. Spearmint is treated earlier in 
the season because it is harvested in late July and August. 
\ second harvest of spearmint is usually made in late 
September or early October. Mites have not been a prob 
lem on the late crop. Peppermint requires all summer to 
mature and is harvested in late August and throughout 
September. Therefore, peppermint Was given an applica 
tion for mite control as late as possible but before the rows 
grew together and prevented the use of ground equip 
ment. Kelthane was extensively used by the growers in 
1960 at rates varying from 0.75 to 1.125 pounds per acre 
with notable success. 

DDT is important for the control of the mint flea beet l 
and the caterpillars that feed on mint. Substitutes for 
DDT include soil treatments with aldrin or dieldrin for 
mint flea beetle control and malathion or TEPP for cater 
pillar control. Although soil treatments are widely used, 
re-treatments are frequently neglected until root-feeding 
insects, including the mint flea beetle, become numerous. 
It is then that a mid-July application of DDT can save 
the crop from damage. Caterpillars may become abun 
dant anytime from late May until late September (on 
second-crop spearmint). Malathion or TEPP has given a 
quick kill of those caterpillars exposed and feeding at or 
shortly after the time of application, and several applica 
tions were usually necessary. 

The mint aphid was satisfactorily controlled in- 1960 
with 1.25 to 1.5 pounds of malathion and the growers 
generally used combination sprays or dusts containing 
Kelthane and malathion. Although much less used, TEPP 
at about 0.4 pound per acre was reported to have given 


adequate aphid control also. 
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Development of Resistance to Synergized Pyrethrins in Body Lice, 


and Cross Resistance to DDT 


M. M. Cour and rr. e. GI ARR, Entom logy Research Division {yric Re s. Serv. US D ! 


ABSTRACT 


\ strain of body lice maintained in the laboratory for 14 
years without exposure to any insecticides was subjected to 
progressively increased concentrations of pyrethrins plus sult 
oxide for 56 generations. Resistance to the synergized pyre- 
thrins gradually developed to about seven or eight times that of 
the pare rit colony Cross resistance to DDT developed slowly 
at first, but in later generations increased rapidly until the lice 
could no longer be killed by exposure to cloth treated with 10% 
of DDT in an acetone solution. There was little or no resistance 
to lindane, two- to four-fold resistance to synergized allethrin, 


and none to malathion 


Resistance to pyrethrins has developed in at least six 
species of insects and has sometimes been accompanied by 
cross resistance to other materials, particularly chlori 
nated hydrocarbons. Wilson & Gahan (1948) first’ re 
ported tolerance for synergized pyrethrins in a laboratory 
strain of DD'T-selected house flies (Musca domestica L. 
after 17 generations of selection. The strain also showed 
legree of tolerance to DDT, chlordane, 
rotenone, and toxaphene, but slightly less to Thanite 


about the same 


Gsobornyl thioevanoacetate, not less than 8207, and other 
related terpenes). This re port was followed closely in L948 
by that of Blickle ef a/.. who described a strain of house 
flies that developed resistance to BHC and 50°7 more 
tolerance for pyrethrins than normal flies. Soon afterward, 
Barber ef al, (1948) reported development of resistance to 
DDT, pyrethrins, and “unnamed extractives of a botani 
cal” when selected with these materials. 

Harrison (1950, 1952) and Busvine (1951) reported that 
an Italian strain of house flies selected with pyrethrins 
developed tolerance for pyrethrins and some resistance to 
DDT, lindane, and chlordane. Decker & Bruce (1952), by 
selection of house flies with pyrethrins, developed a strain 
resistant to synergized) pyrethrins, DDT, chlordane, 
dieldrin, and lindane. Davies ef al. (1958) reported a wild 
strain of Danish house flies that were resistant to chlori 
nated and organophosphorus compounds and also to 
pyrethrins. 

Blackith (1953) reported that a strain of the granary 
weevil (Calandra granaria L.=NSitophilus granarius (L 
after selection with pyrethrins, became somewhat resist 
ant to that material. Nicoli & Sautet (1955) collected 
body lee (Pediculus humanus humanus L.) that were 


resistant to pyrethrins from a Negro from Oran. Brown 


(1958) also reported pyrethrins-resistant body lice from 
three widely scattered parts of the world and general 
resistance to this insecticide in Japan. Weller et al. (1956) 
showed several field strains of German cockroaches (Blat- 
tella germanica (L.)) to be resistant to pyrethrins as con- 
tact sprays and residues. Busvine (1958, 1959) reported 
that bed bugs, (Cimexr hemipterus Fab.) selected with 
DDT, developed a ten-fold cross resistance to pyrethrins. 
Similarly, Whitehead (1959a, b) reported that blue ticks 
(Boophilus decoloratus Koch) subjected to DDT selection 
also developed cross resistance to pyrethrins. 

At Orlando, Fla., a strain of body lice maintained on 
cloth treated with sublethal concentrations of pyrethrins 
alone developed about a two-fold resistance to pyrethrins 
(Eddy et al. 1955). Another strain on pyrethrins plus 
sulfoxide combined at a ratio of 1:10 developed no resist- 
ance to the same materials. Cole et al. (1957), in a continu- 
ation of the same studies, demonstrated that the lice did 
not develop any resistance by a progressive increase of the 
concentrations of svnergized pyrethrins until all the in- 
sects were killed. This paper reports further investigations 
on resistance and cross resistance of body lice selected 
with svynergized pyrethrins. 

The strain of lice used in these studies is designated as 
the Mason colony. It came originally from a nonresistant 
regular colony deseribed by Eddy et al. (1955) that had 
been reared in the laboratory without exposure to insecti- 
cides since 1942, and hence had never been exposed to 
DDT. The Mason colony was established in February 
1956 and was maintained by the methods of Cole ef al. 
(1960) on cloth treated with acetone solutions of pyre- 
thrins svnergized with sulfoxide. These materials were 
used at a ratio of 1:10. In order to maintain a moderate 
rate of selection, the concentrations were increased as the 
lice became more resistant. The total number of genera 
tions exposed to each concentration of insecticide was as 


follows: 


Number of Generations Concentration of Pyrethrins (% 
15 0.00] 
16 OOS 
re O05 
7 OO75 
10 Ol 
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Table 1.—Susceptibility of a pyrethrins-selected strain 
of body lice, the Mason colony, to five insecticides in beaker 
tests, and ratio to lice from a regular colony. 





LC-50 LC-90 


SLOPE OF 


Ratio to Ratio to REGRES 
GENER Regular Regular SION 
ATION Per Cent Colony Per Cent Colony LINt 
Pyrethrins* 
Parent 0.0021 1.00 0.0085 1.00 5. 64 
10 0100 7.14 0209 8.04 3.96 
19 0127 7.05 0268 6.87 3.95 
30 0126 6.30 O78 3.87 5.37 
39 0098 6.20 0149 $.26 6.20 
50 0179 7.78 0596 8.76 2. 45 
52 0166 8.74 0622 10.08 2.238 
538 0197 6.57 0546 7.00 2.89 
56 O117 8.90 OS78 5.40 2 51 
DDT 
Parent 0.0062 1.00 0.0176 1.00 2.90 
9 0148 1.30 05838 1.41 2.09 
19 0456 5.24 10.00 200.00 1.28 
38 8.4620 306.37 10.00 76 
50 > 10.00 1,800.00 10.00 
Lindane 
Parent 0.0004 1.00 0.0007 1.00 5.06 
38 0012 1.50 0019 1.19 6.80 
50 0014 2.80 0020 1.17 8.18 
Valathion 
Parent 0.0008 1.00 0.0018 1.00 $1 
30 0014 1:17 0021 1.11 7.56 
38 0007 33 OO15 60 3.38 
50 0012 1.33 0020 1.33 5.82 
{/lethrin*® 
Parent 0.0009 1.00 0.0019 1.00 $.22 
19 0051 2.32 0108 2 86 4.25 
57 0065 2.24 03839 4.13 9 





® Plus sulfoxide at a ratio of 1:10 


The susceptibility of the lice to insecticides was deter 
mined by the beaker method described by Cole ef al. 
(1960). Pieces of wool cloth were saturated with acetone 
solutions of the test materials at a range of concentra 
tions, dried, and placed in 50-ml. beakers. Twenty adult 
lice were placed on each patch and the mortality was 
determined after 24 hours at a constant temperature of 
80° F. and 70% relative humidity. Three replications were 
usually made. 

The calculated LC-50's and LC-90's and slopes of the 
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of Mason colony to synergized py rethrins 
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of Mason colony to DDT 


log concentration-probit mortality regression lines ob 
tained with pyrethrins plus sulfoxide, DDT, lindane, 
malathion, and allethrin plus sulfoxide in tests against 
different generations of the Mason colony are presented in 
table 1. The ratios of the LC-50's and LC-90's to corre 
sponding values obtained with lice from the regular 
colony are also shown and represent the degrees of resist 
ance. Regression lines for svnergized pyrethrins are shown 
in figure 1 and those for DDT in figure 2. The values for 
svnergized pyrethrins against the Fy through Fy9 genera 
tions were so close that an average line for these genera 
tions is shown. 

Resistance to synergized pyrethrins was seven- to eight 
fold by the 10th generation and did not increase through 
the 56th generation, although the slopes of the regression 
lines showed a general tendency toward decfeasing steep 
ness. 

Resistance to DDT developed very slowly through the 
first nine generations and by the 
fold at the LC-50 level, but since 900; 
obtained, resistance at this level was indicated to be more 
than 200-fold. By 
LC-50 level was 300-fold, and by the 50th resistance was 


19th was still only five 


mortality was not 
the 38th generation resistance at the 


so high that only 120, mortality was caused by 10°; of 
DDT. Phe slopes of the regression lines became progres 
sively less steep; in the later generations they did not 
reach the LC-90 level, and in the 50th no regression line 
could be drawn. Little or no resistance was deve loped to 
lindane and none to malathion, and only two- to four-fold 


resistance developed to svnergized allethrin 
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The Composition of Ribonucleic Acid in the Developing House Fly Ovary! 


Norman Meru and Cuarves F, Conen,? Entomology Research Division, Agric. Res. Serv., U.S.D.A., Beltsville, Md. 


ABSTRACT fold increase in size and weight in 4 days. 
MarertaLs AND Metruops.—Two strains of house flies 
in the growing ovaries of normal and resistant house flies Were used for the study of composition of ovarian RNA: 
Vusca domestica L.) at 24-hour intervals. The bases were identi- the 1948 NAIDM (National Association of Insecticide 
fied and the amounts determined quantitatively. Adenine and and Disinfectant Manufacturers) insecticide-susceptible 
uracil predominated. No significant differences in nucleic acid strain and the Orlando-Beltsville-DDT-resistant strain 
composition were found owing either to age or to strain. Esti- exposed to DDT continuously for about 200 generations. 
mation of RNA content in the normal strain showed a two-and The larvae were reared on CSMA (Chemical Specialties 
Manufacturers Association) medium (1953) and_ the 
adults were fed on a semisynthetice diet (Monroe 1959). 


Phe composition of ribonucleic acid (RNA) was determined 


one-half-fold increase based on ovarian weight from eclosion to 


96 hours after emergence 
The ovaries of flies reared and fed in such a manner show 
fairly good uniformity in growth and oocyte formation. 
Ovaries were excised at 0, 24, 48, and 96 hours after 


In addition to the intrinsic interest of ribonucleic acid 
RNA) and its importance in the biosynthesis of proteins, 


genetic differences may he reflected in the composition of . 
a nucleie acid (Levenbook et al. 1958). Therefore, a study Sexual maturity are attained under our rearing conditions. 


emergence, at which time complete ovarian growth and 


of the ovaries of the house fly (Musca domestica L.) was Table 1 shows the number of pairs of ovaries used for each 
extraction, the mean weight per pair, and the mean size of 


undertaken in this laboratory to determine whether dif j 
the largest oocyte per ovary, with their respective stand- 


ferences existed in the composition of the RNA constitu 
ard errors. The latter two sets of measurements were 


ent bases in an insecticide-susceptible and a resistant 
made from representative samples. 


house fly strain, and to find whether changes in nucleic 
acid metabolism in a rapidly vrowing organ might be Che requisite number of ovaries for each extraction was 
reflected in the composition of these bases. Also it was of extirpated, frozen in dry ice, and held at —20° C. until 
interest to ascertain if the regularities of composition enough ovaries were accumulated. The tissues were 


found in other organisms (Elson & Chargaff 1955) existed — homogenized in a glass homogenizer at 0°, and subjected 


in an insect RNA. In addition. the RNA content in one to a modified Schmidt-Thannhauser (1945) treatment. 
strain was measured in the growing ovary. After successive extractions with trichloroacetic acid, 
alcohol, and alcohol-ether, the tissues were hydrolyzed 


The house fly ovary was chosen for examination be , 
with 0.3N potassium hydroxide at 37°, and incubated for 


cause earlier work in this laboratory on chemically in 
duced sterility (Mitlin ef a/. 1957, Mitlin & Baroody 1958 


had shown this organ to be particularly responsive to the Accepted for publication January 12, 1961. Presented at the meeting of the 
growth-inhibiting action of purine and pyrimidine analogs — Entomological Society of America, Atlantic City, N. J., November 28, 1960, 

lhe authors wish to express their gratitude to Richard Daum, Biometrical 
Services, Agric. Res. Serv., U. S. Department of Agriculture, for his assistance 
other organisms. Furthermore, the ovary shows a many with the statistical methods used in this study 


and to substances that inhibit nucleie acid synthesis in 
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Table 1.—Numbers and wet weights of pairs of house fly 





ovaries and mean length of the largest oocyte" (+ standard 
error) at the indicated age. 
OVARIES 
OocyTt 
Hours rrom Number of Weight /Pair 
EeMERGENCI Pairs mg Length (mm 

0 200 0.20 0. O86 
24+1 120 60 +0.06 171 +0.004 
iW+1 70 1.90 O+ 328+ .034 
72+1 50 t.764 30 42:3 03 
96 +1 50 5.25 +4 30 1.19 + 02 





* Unpublished data by Edward Lipinski, this laboratory 


Derived from groups of pooled pairs of ovaries 


about 40 hours. Insoluble matter was centrifuged off 
and the deoxyribonucleic acid precipitated with acidic 


ethanol. 

Kleinschmidt and Manthey’s procedure (1958) was 
used to prepare the supernatant containing RNA mono 
nucleotides for base analysis. Two-dimensional chroma 
tography was used to resolve the base constituents and 
remove the extraneous material. Wyatt's solvent system 
(1951), employing an ascending system with Whatman 
+1 paper, was used for the first dimension. Kleinschmidt 
and Manthey’s solvent and procedure were used un 
changed for the second dimension. 

At least two groups of ovaries were employed at each 
age, extracted separately, and where possible, four chiro- 
matograms were run for each extraction. The purine com- 
ponents and pyrimidine nucleotides were located with an 
ultra-violet lamp, and eluted in 0.1N hydrochloric acid for 
routine analyses. The identification of the purine bases 
and pyrimidine nucleotides was made from their Rf 
values, and by the determination of the spectral eluants 
at pH’s 1 and 12 on a Beckman Dk» spectrophotometer. 
Corrobative identifications were made from the absorp 
tion maxima and minima and the ratios of E(250 260 
and E(280, 260). Quantitative determinations were made 
routinely by employing differential extinction values 
(Vischer & Chargaff 1948). 

RNA content was estimated in ovaries of the suscepti- 
ble strain. The extraction procedure, employing two sets 
of 25 pairs of ovaries for each age, was the same as de 
scribed above. The Mejbaum method (1939) for analysis 
of pentose sugars was used. The RNA standard was from 
a sample of yeast nucleic acid that had been purified by 


Table 2.—RNA content in ovaries of an insecticide-sus- 
ceptible strain of house flies." 





uG. OF RNA IN OVARIES 
Hours FROM 


EMERGENCE Per Milligram 


Per Pair 


0 2.2 10.9 ¢ 
24 5.0 &.3d 
1S 35.7 IS.Sh 
72 129.8 27.3 a 
96 145.5 27.7 a 





* 25 pairs of ovaries per determination 


Based on average weights shown in table 1. Values followed | 


© same 


letter are not significantly different from each other (standard error =0.6 
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Table 3.—Ratios of the purine and pyrimidine bases in the 
ovaries of insecticide-susceptible and resistant house flies. 





Mo.es per 100 Moues or Base® 


AGr (HOURS Cruanine Adenine — Cytosine Uracil 


Susceptible Strain 





0 23.1 24.8 24.2 24.8 
24 24.9 26. 4 22.0 26.7 
tS 25.8 26.0 20.5 27.5 
7e 23.8 28.6 22.0 25.6 
96 24.9 27.5 cr.2 20.5 
Resistant Strain 
i) 25.1 23.3 20.5 25.2 
24 24.2 24.9 21.5 2 
Ss 22.9 26.5 4 28.1 
72 23.2 G1 22.8 26.9 
96 23.7 25.9 23.2 “af Pe’ 
* Standard « is determined from analysis of inces 


Kunitz’s method (1940). All analyses were duplicated and 
absorptions were read at 670 mu on a Beckman DU 
spectrophotometer. 

Resuits. The RNA content per pair and weight per 
pair of ovaries is given in table 2. An analysis of variance 
was run on the weight measurements and significance was 
determined by Duncan’s multiple range test (1955 
Whereas the increase of RNA with age per pair of ovaries 
was about 66 times, the total increase based on the weight 
of the organs was but two and one-half times. A leveling 
off, which is more apparent on a weight basis, appeared at 
72 hours. 

Base ratios in moles per 100 moles per base are given in 
table 3. The only bases found were guanine, adenine, 
cytosine, and uracil. No trace of minor components was 
found under our conditions. Analysis of variance showed 
no significant difference between susceptible and resistant 
flies at any age. Adenine and uracil generally predomi 
nated over guanine and cytosine at all ages. There was no 
variation owing to age. 

It has been shown by Elson & Chargaff (1955) that 
many RNA’s extracted from diverse sources possessed an 
equal number of 6-keto (guanine and uracil) and 6-amino 
(adenine and cytosine) groups. In addition these authors 
demonstrated that many preparations showed an addi 
tional regularity of a purine to pyrimidine ratio of 1. Such 


Table 4.—Molar ratios of the purine and pyrimidine bases 
in the ovaries of susceptible and resistant house flies. 








ADENI Una 6A P 

\ Ap (GSUANINI 

re Una Cy s Gua ( Os Ok Pp MID 
) Oo oso O.a5 O.95 i] nm Oo. a 
4 O90 1.13 SS ot 1.05 
+8 95 1.26 5 87 1.08 
72 1.12 1.08 1.04 1.02 1.10 
6 1.04 By So 95 1.10 

R s 

0 0.92 0.9 0.97 0.99 O.94 
+4 90 1.1 80 So 100 
+s 4 1.02 ed " 1.08 
72 1.04 1.02 99 1.00 1.0] 
96 1.02 1.02 9 O68 0.98 
Adenine +cytosine guanine +uracil 


\denine +guanine ‘cytosine +uracil 


il 


|| 
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ratios were calculated for the data reported by the present 
authors (table 4). Upon statistical analysis no significant 
differences were found in any of the values owing either to 
age or to genetic tvpe. 

DiscusSSION AND ConcLustons.— The composition of 
RNA has been extensively studied in many organisms, 
but that in insects has been strangely neglected. Such 
studies reported have dealt with whole insects rather than 
individual organs (Rosedale 1948, Wyatt 1951, Sisakvan 
& Gumilivskava 1959, Kok 1959). An attempt has been 
made here to characterize the RNA in a single organ in a 
dynamic state of growth. 

Our data are in good agreement with the findings of 
Levenbook et al. (1958) for Drosophila eggs, and Sisakyan 
& Gumilivskava (1959) on the silk worm (Bombyx mort 
(L.) ), and indicate that at least some RNA’s derived from 
insect sources appear to have a predominance of adenine 
and uracil over guanine and cytosine rather than the 
reverse usually found in other aimals (Magasanik 1955). 
Although Khouvine & Gregoire (1944) reported different 
base ratios with Calliphora erythrocephela (Calliphora 
rica R.D. 


Calliphora ovaries in this laboratory, for which the above 


larvae, a preliminary analysis with the 


methods were employed, appears to give base ratios of 


ovarian RNA much like that of the house fly. 

The regularities in RNA found by Elson & Chargatfl 
(1955) are less apparent in these analyses. However, the 
average values of the 6-amino 6-keto ratios lie close 
enough to unity to fit their proposed scheme in which 
RNA conjugates with a protein or peptide via amino or 
keto groups of the nucleic acid and the carbonyl and 
amino groups tn the peptide linkage. 

Except for a drop at 24+ hours, the RNA content in the 
ovary increases with age until the organ is near maturity, 
Whether this increase of RNA is derived from the devel 
oping oocytes, the nurse cells, or the follicular cells is 
beyond the scope of this study. Makhover (1959), using a 
cytological technique on his strain of house fly ovaries, 
the RNA content of the oocytes 
following the onset of vitellogenesis. We have not at 
tempted any correlation of RNA content with initiation 


found a decrease i 


of volk formation with our strain of flies. However, the 
increase of RNA found possibly reflects, in some measure, 
the explosive growth of the maturing oocytes. 

The finding of a monofactorial difference (Milani 1960 
in composition of RNA between strains must await im 
proved methods of separation of molecular species of 
RNA; essentially the analyses of whole tissues can only 
give average values which would mask the detection of 


any unusual nucleic acid 
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The Duration of Efficacy of the Insecticide Dieldrin Against the 


Chigger Vectors of Scrub Typhus in Malaya' 


R. Travus, Lr. Cou., M.S.C. and M. A. C. Downing, Masor, RAMC, of the U.S. Army Medical Research Unit (Malaya 
Institute for Medical Resear h, Kuala Lumpur, Valaya 


and 


The Far East Land Force 8, Singapore 


ABSTRACT 


Dieldrin, when applied to the surface of the ground and to 
low-lying vegetation by means of a high pressure spray or Swing- 
fog apparatus at the rate of 2.5 pounds to the acre, effectively 
controlled the chigger vectors of scrub typhus, Trombicula 
(Leptotrombidium deliensis Walch and T. (L.) akamushi Brumpt, 
for at least 26 months. In experiments in a field of lallang (kunai 
grass), Imperata cylindrica, at Subang, Selangor, Malaya, the 
“Chigger Index” or average number of chiggers per wild-caught 
rat, Rattus rattus jalorensis (Bonhote), before application of in 
secticide, was more than 360 per rat, and 10 days after treat 
ment the index was 9 in the sprayed area and 13 in the Swing- 
fogged area, respectively. The index ranged from 2 to 12 in the 
sprayed plots and from 4 to 25 in the Swing-fogged plots during 
checks made over a period of 52 weeks, while the mites remained 
prevalent in the control area. At the termination of the experi 
ment at 113 weeks, the reduction in the numbers of chiggers on 


Serub typhus continues to be a relatively important 
problem in Malaya and the rest of Southeast Asia despite 
the facts that the disease is readily cured by the newer 
antibiotics and that effective repellents are available to 
prevent infestation by the vector chiggers (larval trombi 
culid mites, Trombicula (Leptotrombidium)  deliensis 
Walch and 7. (L.) akamushi Brumpt). At times the dis 
ease is not properly diagnosed because of the similarity of 
the symptoms to those of other common infections or be 
cause of the failure of the Weil-Felix serological test. Odd 
cases and even small outbreaks occur, particularly in the 
armed forces, because of the failure to use repellent when 
in endemic foci. There is therefore a need for a practical 
means of area control, whereby the environs of military 
camps, leave-centers of plantations can be successfully 
disinfested for a long period of time. This report presents 
data demonstrating that the insecticide dieldrin, when ap 
plied to the ground and low-lying vegetation either by a 
high-pressure sprayer or by a ““Swing-fog” machine, ef 
fectively controls the mite vectors of scrub typhus for a 
minimum period of 26 months. Thus, 113 weeks after ap 
plication of the spray, there was a 949 reduction in the 
average numbers of chiggers, Trombicula (Leptotromli 
dium) deliensis and T. (L.) akamushi, per wild-caught rat, 
as compared with mites from rats in unsprayed terrain in 
an adjacent plot. Data are also presented indicating that 
severe grassland fires only temporarily reduce the num 
bers of chiggers in an area. 

The efficacy of dieldrin and the related compound, 
aldrin, against Trombicula (L.) deliensis had been noted 
by members of the U. S. Army Medical Research Unit 
(Malaya) and the Institute for Medical Research, Kuala 
Lumpur, operating in North Borneo (Traub et al. 1954 
but the experiments had to be terminated at the end of 6 
weeks, at which time there still was a 98°97 reduction in 


rats in the treated areas as « ompared with the controls was 92% 
or greater. The actual duration of efficas \ has not been deter 
mined 

The use of dieldrin for disinfestation of terrain in’ hyper 
endemic areas of scrub typhus is recommended where relatively 
large numbers of non-immunes are a risk, as in military camps, 
rubber plantations and the like 

\ severe grass fire drastically reduced the numbers of chiggers, 
found on rats, but the effect was only temporary, and in 2 or 3 
months the chigger index was as high as ever. The fire did not 
appreciably affect the rate at which live rats were trapped ever 
1 week after the grass was burned. The lallang, although con 
pletely burned over, started to grow rapidly from unaffected 
rhizomes within a few days of the fire. Shrubs were apparently 


killed, and were replaced by lallang 


the numbers of chiggers on rats in the dieldrin-treated 
area as compared with the controls. The success of these 
experiments led the team to recommend dieldrin for dis 
infestation of the focus of a scrub typhus outbreak in the 
Royal Air Force in Singapore. Accordingly, the high pres 
sure spraying apparatus used in North Borneo was lent to 
the Royal Air Force, and the results were reported by 
Lawley (1957). In this instance, dieldrin was believed to 
have effectively reduced the mite population for a period 
of a vear, but unfortunately it was not possible to regu 
larly trap a sufficient number of rats for proper statistical 
evaluation, nor were data available on the chigger popu 
lation in untreated areas. 

Hughes mentions the use of dieldrin applied by a Swing 
fog machine for control of trombiculid mites on certain 
British Army camps in Singapore (1956). He applied 
dieldrin at the rate of 0.5 lb. per acre by means of a Swing 
fog so modified as to provide a virtual “spray” and ob 
tained a “protracted control for over a period of two 
months” wherein the numbers of Luschongastia indica 

Hirst) chiggers per rat at the end of that interval were 
about one-third of that noted at the beginning, but con 
current figures from rats in untreated areas were not 
given. 

Mareriats AND Mertuops.—For the present experi 
ment, a large field of lallang (/m perata cylindrica) or kunai 
grass, about | mile in length and one-half mile in breadth 
was selected. The experimental area consisted of an al 
most pure stand of lallang, but occasionally there was a 


small shrub, about 50 to 75 feet from its nearest neighbor 
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The field was near Subang, Selangor, an] had been one of 
the sites used for exposure of volunteers in studies on the 
chemoprophylaxis of scrub typhus in 1948 (Philip et ad, 
1949) and hence was known to have been hyperendemic. 
Current investigations showed that conditions regarding 
the numbers and types of rats and chiggers present were 
suitable for the proposed experiment. Thus rats, particu- 
larly Rattus rattus jalorensis (Bonhote), were abundant, 
and could be trapped at the rate of about 10 to 20 per 100 
traps per night in preliminary surveys, and during rainy 
weather, these rats were infested with about 300 to 600 
chiggers each, of which about 95°7 were Trombicula 
(Leptotrombidium) deliensis or T. (L.) akamushi, and the 
remainder Gahrliepia (G.) fletcheri Gater, Euschongastia 
(Laurentella) indica or Eutrombicula (E.) wichmanni 
(Oudemans). Of the two species of (Leptrombidium), T. 
(LT, deliensis generally outnumbered r. ib, akamushi in 
the ratio of 9 to 1. About 20°7 of the rats trapped were 
Rattus erulans (Peale), and about 5°; were Rattus rattus 
argentiventer (Robinson & Kloss). 

The field was bordered on two sides by the Subang 
Forest Reserve, on the third by a rubber estate, and the 
fourth by a dirt road. It was well drained by a series of 3- 
foot ditches about 100 to 200 feet apart. For the purposes 
of the experiment, a rectangular portion of the field, 1,000 
feet by 600 feet, was selected and arbitrarily divided into 
two plots. each 450 ft. x 600 ft., with a 100-ft. strip sepa 
rating the two plots. These were designated as Plots I 
and II, respectively, and Plot I was to be sprayed with 
dieldrin and on Plot [IL the insecticide was to be applied by 
a Swing-fog machine. A third plot, also 450 by 600 ft. in 
extent, designated as II], was selected to serve as a con 
trol area, and was in line with the other two test-plots but 
separated from [by a distance to 800 feet. The plots were 
essentially identical with respect to the vegetative cover, 
drainage, slope, distance from the forest (200 feet), types 
of rats and mites present, et cetera. Prior to the actual 
spraying, they could be distinguished from one another 
only by the bamboo markers which were used to identify 
each plot. Each of these 450 600-feet test-sites was 
then divided into six subplots 200 225 feet in extent and 
marked accordingly. This was done for convenience re 
garding application of insecticide, allocation of rat traps 
per plot, and subsequent release of rats in studies of their 
home range. Since the subplots were each 45,000 sq. ft. in 
area, each was slightly greater in area than an acre. 

Lstimating the Chigger Population. It has already been 
pomted out that the most practical means of estimating 
the chigger population in the Indo-Malayvan region is by 
counting the numbers of chiggers in the ears of an ade 
quate sample of rats inhabiting the area under study 
(Traub et al. 1954). Since rats and chiggers were plentiful 
in the test sites, it was decided to rely solely upon. this 
method instead of supplementing it with counting the 
numbers of chiggers acquired by laboratory white rats re 
leased in the plots. 

Rats were trapped alive and all Rattus rattus jalorensis 
were promptly brought to the laboratory on each of 2 sue 
cessive days of capture. For purposes of uniformity and 
for technical reasons,’ the other kinds were destroved. The 
Rattus rattus jalorensis were individually anaesthetized 
lightly and the ears were examined under the stereoscopic 


microscope while the rat was still asleep. The chiggers in 


use in 


the ear tragus were actually counted if fewer than 30 or 40 
were present, but when they were plentiful, their number 
was estimated. Since Leptotrombidium chiggers generally 
cluster in bunches in two sites in the ear tragus, and the 
clusters usually consist of chiggers of the same species in 
the same stage of engorgement, it was found possible after 
practice to estimate the number present within 5% accu- 
racy. The estimate was made by counting 30 or 40 mites 
within an aggregate and then estimating how many such 
subgroups constituted the actual cluster. Only the Lepto- 
trombidium were counted, and since they were yellow-pink 
in color and the others red (/. wichmanni), or light 
vellow (EF. indica), or white (Gahrliepia), it was easy to 
recognize them and ignore the nonvectors, which were 
much less common. No effort was made to distinguish be- 
tween living 7. (L.) deliensis and T. (L.) akamushi for 
purposes of this experiment, and the figures recorded and 
reported should be considered as T. (L.) deliensis and/or 
T. (L.) akamushi, generally in ratio of nine of the former 
to one of the latter. Clusters of Leptotrombidium from 
every fifth or tenth rat were saved for mounting and sub- 
sequent verification of identification by means of a com- 
pound microscope. The counts or estimates of the chiggers 
observed in the ears were recorded separately for each ear, 
but have been totaled, listed and analyzed as numbers per 
rat rather than per ear. The average number of Leptotrom- 
bidium chiggers per rat (Rattus rattus jalorensis) is cited 
as the “Chigger Index.” 

The rats were retained in the laboratory for 1 week to 
ensure that all the Leptotrombidium had detached, and 
were then returned to their original habitats, as men- 
tioned below. 

The test plots were checked on 19 occasions during the 
113-week project, each check consisting of a 2-day trap- 
ping period. The interval between trapping periods after 
the initial 2 months was planned at 4 weeks, but this 
proved to be unfeasible, since military operations against 
Communist guerrillas at Subang placed the area out-of- 
bounds for months at a time. Unusual and prolonged dry 
spells also interfered with the course of the experiment, 
because the numbers of chiggers present in the ears of rats 
fall radically during periods of drought in Malaya (Traub 
& Frick 1950), and the chigger indices noted at such times 
can be misleading and confusing. For these reasons, no 
mite counts were attempted during the dry spells, with 
the exception of the check made during the 17th week 
after spraying, when the exceptionally low index of 102 
was encountered for rats from the control area (see table 
2). A combination of relative drought and military opera- 
tions accounts for the failure to estimate the mite popula- 
tion during the period 67 to 113 weeks after spraying. 
Two mite counts were made at all three plots 1.5 and 0.5 
weeks, respectively, before spraying. 

Trapping of Rats. The rats were trapped by means of 
a modified version of the ordinary Chinese rectangular 
trap made of chicken wire on sale all over Southeast Asia. 
The traps used were more compact, sturdier and smaller 
(generally 12° 6" 5") than their prototypes, and with 
the mesh designed to retain such small rats as Rattus 


Ratt I ns is generally only very lightly infested with chiggers and there 
e is not suitable for this purpose. Rattus rattus argentiventer, while invariably 
far more heavily infested than R. r rensis, was trapped too infrequently for 


the test 
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exulans. The baits employed were bananas and slightly 
rotted tapioca root. 

Since the trapping program planned would obviously 
seriously deplete the rat population and thus jeopardize 
the course of the experiment, it was decided to keep the 
rats alive and release them in their original home-ranges 
within the test plots a week after examination. Field 
studies with marked rats showed the inadvisability of at 
tempting to restock the test sites with wild-caught rats 
trapped in other areas. Such rats were foun to be hyper 
active and wandered about a great deal, and about 5° 
even reached their original home areas within a week after 
being released one-half mile away. In contrast, rats re- 
leased in their home ranges did very little wandering. 
Foreign wild-caught rats, wandering from sprayed to con- 
trol areas or vice versa, would therefore distort the data, 
and hence were not used. In order to obtain and maintain 
the desired minimum quota of 15 to 20 rats per test plot 
per checking period, experimentation showed that an in 
tensive trapping program was essential. ‘Two hundred 
traps were therefore set per night in each plot (30 to 35 
per subplot) during the first half of the experiment and 
300 during the latter part of the tests, when it became 
more difficult to trap an adequate number of rats. 

Application of Insecticide.—Dieldrin was applied to 
Plots Land IL in November 1956 at the rate of 2.5 pounds 
of active ingredient per acre. Commercial Shell “*Dieldrex 
15,’ containing 1.5 pounds of dieldrin per Imperial gallon 
was employed, and each subplot of 225200 ft. was 
treated with 1? Imperial gallons—the six in Plot T by 
means of a high pressure sprayer and the six in Plot IT by 
a Swing-fog apparatus. A border of 100 ft. around and be 
tween these plots was also sprayed with dieldrin at the 
same rates. This was done to reduce to a minimum the 
chance that a rat just entering from outside the test area 
and carrying many chiggers would be trapped within one 
of the treated plots. 

The high-pressure sprayers employed were the same 
Banta spray-guns previously used in North Borneo 
(Traub et a/. 1954) and the insecticide was applied as a 
fine mist in undiluted form. The Swing-fog machine em 
ployed was a model SN 6, adjusted so as to produce an 
aerosol containing the largest possible particles. This was 
done by placing a ring-jet or atomizer at the apex of the 
central tube through which the insecticide is injected and 
vaporized, and by removing the outer tube which ordi 
narily enshrouds a moving jacket of cool air that is mixed 
with the insecticide to form a fog. In this way an ex 
tremely fine mist was produced that was neither spray nor 
true fog. The Swing-fog apparatus was aimed at the 
ground as much as possible and the operator walked in a 
direction which ensured that the insecticide cloud drifted 
away from the Spray-plot I and the control plot. 

Modifications Caused by a Grass Fire. Four months 
after application of insecticide, at the height of a dry 
spell, a grass fire of unknown origin swept through much 
of the Subang field of lallang and completely burned the 
grass over about two-thirds of the control plot and all of 
the treated plots. It was feared that this fire might force 
the termination of the experiment, particularly since the 
effects of the fire upon grass and brush was at least equal 
to those recommended during World War II as a measure 
for preventing scrub typhus. The numbers of chiggers on 
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rats in the burned unsprayed areas | week after the fire 
were nearly as low as those encountered simultaneously 
in the dieldrin-treated areas or even that reported a 
month earlier. Nevertheless the experiment was con- 
tinued on a necessarily modified scale in the hope that the 
results of the fire were transitory, and such proved to be 
the case. 

The modifications were as follows: The burned two- 
thirds of the control plot were considered as a distinct 
entity for the next 27 weeks (even though the mite count 
therein was virtually “normal” within 7 weeks after the 
fire), and 200 traps were utilized per trap-night there 
alone. ‘Phe mites per rat were counted and recorded 
separately. The untouched third was made part of a new 
control plot created by extending in acreage this contigu 
ous portion of lallang so as to equal the original area in 
square footage. Rats were trapped in this new control site 
just as in the original one, and the mites were counted as 
before and tallied separately. At the time of the mite 
count 52 weeks after spraying, which was 36 weeks after 
the fire, the original control plot was reinstated and used 
alone henceforth. 

It is felt that the data from the temporary control area 
are comparable with the data obtained earlier and later 
from the original control plot. Not only was one-third 
of the original plot encompassed in’ the new site, but 
the two areas were contiguous, and represented merely 
arbitrarily designated sections of one field of lallang.! 
Further, trapping of rats outside the control plot had 
been regularly carried out during the course of the experi 
ment as a constant check on the system of returning rats 
to their original home ranges after their chiggers had de 
tached in the laboratory, and no appreciable differences in 
the respective Chigger Indices had ever been noted. 

It of course was impossible to find replacements for the 
plots that had been treated with insecticide 17 weeks pre 
viously, and hence there was no alternative but to con 
tinue to trap rats in those areas and count chiggers as 
before, despite the fire. As will be shown, the Chigget 
Index remained extremely low in the dieldrin-treated 
plots long after the Index became as high in the burned 
sector of the control plot as in the unburned areas. 

ResuLts. 
from each test plot during the 19 check periods, and the 


Table 1 lists the numbers of rats examined 


data indicate that rats were plentiful in all three test areas 
1.5 weeks before spraying. Although it became more and 
more difficult to trap rats during the course of the experi 
ment, the numbers of examined rats were always 15 o1 
greater. 

Table 2 cites the range in the chiggers counted, i.e., the 
minimum and maximum numbers of 7. (L.) deliensis and 
T. (L.) akamushi noted on rat per plot during each of the 
2-day examination periods. This table also lists the so 
called Chigger Index, the average number of Trombicula 

Le ptotrombidium deliensis and T. (LL. 
wild-caught rat. Since the data include many zero entries, 


akamushi per 


it was mathematically impossible to use a geometric 
mean. It is apparent from these figures that trombiculid 


In theor the Chigger Index of rats anywhere in this field of lallang could 

ive served as a control for estimating the numbers of chigae 
unsprayed terrain, but the control plot 
trapping for all three plots would be done ir irtually contiguous zones the 


Same SIZe. 
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mites were abundant in all three test areas prior to treat- 
ment. During the course of the experiment, chiggers were 
prevalent in the untreated plot. Thus the lowest number 
of trombiculid mites per control rat during a check-period 
was generally in excess of 180 per rat, although once a 
minimum of 70 mites was recorded, but the maximum 
figure in the observed range was usually above 380. The 
Chigger Index for rats in these untreated areas was almost 
always above 200. 

In marked contrast, in the sprayed plot, the minimum 
figure noted after treatment was almost invariably 0 and 
the maximum generally was less than 27, while the 
Chigger Index was less than 10 on 11 occasions and stayed 
below 20 for 60 weeks. The results for the Swing-fogged 
plot were comparable, but the chigger count was slightly 
higher throughout, while the Chigger Index was below 10 
on + check periods and was below 20 on 13 occasions. From 
these data it is readily apparent that the fall in the num 
hers of chiggers on rats in the treated areas was precipi 
tous, general, consistent and of very long duration. 

The Chigger Index for each period and area, along with 
the observed standard deviation per occasion, are shown 
in table 3, which also includes data on the “Per cent Re 
duction” in numbers of chiggers on rats in the sprayed 
and Swing-fogged areas as compared with numbers in the 
control plot at the time of observation. For example, if 
there was an index of 500 chiggers per rat in the control 
area, and at that time there was an index of 5 in the 
sprayed plot and 10 in the Swing-fogged, the respective re 
ductions would be 99°7 and 98°; 

In the sprayed plot, the reduction was 98°; or greater 
during more than half the check periods, and even after 
113 weeks there was a 9407 reduction in the numbers of 
chiggers. The Swing-fog results were almost as striking, 


and greater than 95°7 reduction was observed on 11 of the 


Table 1.—The numbers of rats examined in the test areas 
during tests of duration of efficacy of dieldrin. 





NuMBER OF Rats (Rattus rattus jaloren 
ExaMINeD FROM Test AreAS 


No. OF Wi EKS 
BEFORE oR 


\PTER 
SPRAYING Control Spraved Swing-Fogged 
/ Bef rea fron f ld 
1.5 53 Cap 44 
0.5 IS 7) | 
Il. After a if l / r 

1.5 73 50 4 
,.5 tS $ $5 
».0 5} te) by 35 
s.0 10 $6 3h 
13.0 36 $2 Is 
17.0 80 ai) ts 
19.0 sO 4) 20 
23.0 IS we 3] 
27.0 27 7 26 
31.0 27 25 27 
36.0 29 ds 30 
1.0 28 45) 5 
4.5 i) 29 23 
52.0 30 24 5} 
60.0 27 2 5 
67.0 IS 4 ai 


113.0 )4 16 15 


D7 


Table 2.—The range in the number of chiggers on rats and 
the ‘‘Chigger Index’ during tests on duration of efficacy of 
dieldrin. 





RANGE IN NUMBERS OF CHIGGERS ON Rats AND 





No. oF rHe “CuiaGer INDEX” 1n Test AREAS 
WEEKS : 
Brrore or Control Sprayed Swing-Fogged 
APTER 
Spraying Range — Index Range Index Range Index 
1. Before application of dieldrin 
1.5 160-550 = 315 160-550 321 200-409 = 336 
0.5 230-520 370 230-520 370 230-520 364 
11. After ap} lication of dieldrin 

1.5 300-610 £45 0-38 9 0-38 13 

2.5 290-700 $87 0-34 11 1-37 18 

5.0 310-730 $47 1-50 10 2-65 15 

8.0 180-380 287 0-18 ) 0-35 11 
13.5 120-390 240 0-18 6 0-35 13 
17.0 70-180 102 0-13 3 0-15 t 
19.0 190-460 351 0-21 5 0-25 10 
23.0 220-480 327 0-18 5 0-21 9 
27.0 190-380 264 0-20 6 1-28 12 
$1.0 150- 320 219 0-25 9 2-50 25 
36.0 390-740 549 O- 8 2 0-21 6 
11.0 390-720 533 O- 8 ) 0-18 8 
$4.5 370-750 570 0-26 9 0-80 13 
52.0 200-400 S04 0-23 12 0-36 21 
60.0 1SO-410 239 0-25 18 12-38 22 
67.0 190-390 291 0-38 23 14-43 27 
113.0 140-320 210 0-30 13 0-36 16 
‘The “Chigger Index’ he average number of Trombicula (L.) delrensis 
17. (1 j shi per wild-caught rat 


Table 3.—The ‘‘Chigger Index’? and observed standard 
deviation and the per cent reduction in numbers during 
tests on duration of efficacy of dieldrin. 





Per Cent Repuc- 
TION IN NUMBERS 


Cuiccer INDEX PLus or 4s COMPARED TO 


No. or | Minus Stanparp Deviation Contemporary (%) 
WrEKS 
SEFORE OR Swing- Swing- 
Ar rER ( ontrol Sprayed Fogved Sprayed Fogged 
SPRAYING (rea Area \rea Area Area 


1. Before application of dieldrin 4 
1.5 315+ 83 321+60 336+73 


0.5 370+ 65 38S3+68 364+60 
11. After application of dieldrin 

1.5 145+ 69 9+10 13+10 98 97 

2.5 S87 + 100 a al - IS+10 98 96 
5.0 447 + $85 10+11 1I5t+15 98 97 
8.0 IST + 48 5+ 5 1i+ 8 9S 96 
13.5 240+ 66 6+ 6 1IS+ 1 97 95 
17.0 102+ 30 8+ 3 $+ 4 97 96 
19.0 S51 62 5 6 10+ 8 98 97 
30 27 71 5 5 9 6 98 97 
27.0 264 50 6 6 ict 7 98 97 
31.0 219 54 9 7 25+12 96 89 
36.0 5AD 99 2 i 6 6 99 99 
$1.0 533 78 2 3 8 6 99 98 
$4.5 570 93 9 S 1I3+19 OS 98 
52.0 304+ 49 12 8 21 8 96 93 
60.0 239+ 46 18+ 7 22 6 92 91 
67.0 2Sit SS 23+ 8 27 8 92 91 
113.0 210+ 48 13+10 16+11 94 92 
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Table 4.—The effects of a grass fire upon the numbers of 





rats and chiggers in the experimental areas. 





PERIODS OF No. oF CuicGer INDEX 
OBSERVATION Rats IN 
BurRNED Burned 
Number of Sector Modi- Sector 
Weeks After OF fied of Swing 
Contrrou Control Control Sprayed Fogged 
Spraying Fire PLor* Area Plot (rea (rea 
17 l 19 102 12 3 t 
19 3 18 351 59 5 10 
23 7 19 327 296 5 9 
27 11 19 264 250 6 12 
31 15 23 219 212 9 25 
36 20 22 5AY 527 2 6 
41 25 23 533 561 2 8 
$4.5 28.5 26 570 631 9 13 
® The numbers of rats collected in the control area, the sprayed plot and 


Swing-fogged area are shown in table | 


occasions of checking the mite count, and at the end of the 
experiment there was still a 92% reduction in numbers as 
compared with the controls. Expressed in another way, 
more than 2 years after their habitat was treated with 
dieldrin, rats in the sprayed area carried only one- 
sixteenth as many Leptotrombidium as rats in untreated 
areas, and those in the Swing-fogged plot were infested 
with one-thirteenth as many. 

The effects of the grass fire which had occurred 4 
months after the application of insecticide are interesting, 
particularly as they contribute information as to the 
value of setting fire to the vegetation as a means of con- 
trolling scrub typhus. The numbers of rats and the Chig 
ger Index for rats from the burned and unburned sectors 
of the control plot and for the treated areas are shown in 
table 4. 

From these data it is noteworthy that 1 week after the 
fire, live rats could be readily trapped in the burned sec 
tors, and that the Chigger Index in the burned portion of 
the control site was only 12, whereas in the untreated ré 
gions not touched by the fire, the Index was 102. Inas 
much as the contemporary indices for the sprayed and 
Swing-fogged areas, which had also been burned over, 
were 3 and 4, respectively, it appears that burning the 
grass had also decimated the mite population. Actually, 
some of the rats were blistered and bore scars of fresh 
burns, but it is important that many survived and that 
the numbers taken in traps were almost as high as on the 
last two occasions before the fire. Two weeks later the In 
dex for the controls in the burned sector was one-sixth 
that for controls in the unburned area but was nearly 12 
times that in the sprayed plot. At the next check, 7 weeks 
after the fire, there were almost as many chiggers on rats 
in the burned control site as on the unsprayed region un 
affected by the fire. In contrast, the index for the sprayed 
and Swing-fogged plots remained very low, being at 5 and 
9, respectively. Thereafter there was no significant differ 
ence between the indices of rats from the burned control 
sector and the unburned control plot, but the rats in the 
treated areas had relatively few chiggers by comparison 
throughout the period of observation. 

Discussion.— Although the full duration of the efficacy 
of dieldrin against chiggers (Leptotrombidium) has not yet 
been determined, the results in this study make it appar- 
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ent that excellent control can be obtained for at least a 
minimum period of 2 years by spraying or Swing-fogging 
dieldrin on the ground surface and low-lying vegetation at 
the rate of 2.5 pounds of technical insecticide per acre. 

The possible connection between the numbers of vector 
chiggers as expressed by Chigger Indices and the number 
of cases of serub typhus in nonimmunes exposed in the 
area has already been discussed (Traub et al. 1954). Thus, 
volunteers in chemoprophylaxis tests in Malaya were far 
more apt to acquire scrub typhus when exposed in grass 
where rats had a Chigger Index in excess of 375 than when 
the Index ranged from 12 to 304 in exactly the same ter- 
rain (Traub & Frick 1950). Under the former conditions, 
79% of the volunteers contracted scrub typhus, and un- 
der the latter only 5% to 29° became ill. 

The tremendous and sustained reductions in the chigger 
populations obtained in the present tests indicate that it is 
feasible and practical to disinfest hyperendemic scrub 
typhus terrain where numbers of nonimmune people are 
exposed to attack by vector mites in lallang or other scrub 
vegetation. In Malaya, many military camps, leave cen 
ters, rubber estates, tin mines and even golf courses are 
located in such terrain, and it is felt that disinfestation by 
these means should be seriously considered as a suitable 
method of preventing scrub typhus. 

Some of the worst hyperendemic areas of scrub typhus 
in the Indo-Malayan and Austral-Asian regions are in the 
lallang (kunai grass) growing in sand along beaches. The 
duration of efficacy of dieldrin against chiggers inhabiting 
such sandy terrain is unknown and is worthy of investiga- 
tion, since the porous nature of the substrate, coupled 
with the heavy rainfall characteristic of the regions, may 
lead to a premature loss of the residual effeet of the in- 
secticide if the dieldrin is washed to and through the 
ground. 

Little data are available as to the actual mode of action 
of dieldrin against chiggers under field conditions. The 
prompt reduction in numbers effected indicates that the 
insecticide is toxic to at least the larval stages of trombi 
culid mites (chiggers) themselves because the life cycle of 
these mites in Malaya takes 1 to 2 months, and if only the 
insectivorous nymphs and adults were affected, the chig 
ger population would not be decimated in 2 days as noted 
in North Borneo (‘Traub et al. 1954). Our first postapplica- 
tion check in the present tests was made 1.5 weeks after 
spraying, and again the reduction noted occurred too soon 
to be due to other than larval toxicity. However, it is 
possible that dieldrin is also lethal to the nymphal and 
adult stages of these mites, and since dieldrin is known to 
be toxic to a broad spectrum of insects, it seems likely 
that this insecticide also deprives the nymphal and adult 
mites of their normal food, which consists of insect eggs. 
If an arthropod has a life cycle of 1 year’s duration, it is 
obvious that killing one stage, 7.e., larvae, would effect 
control for at least 1 vear. With Trombicula (L.) deliensis 
and 7. (L.) akamushiin Malaya, however, breeding occurs 
continuously and the whole cycle may take only 30 days. 
Dieldrin must therefore retain a true residual effect 
against these mites in order to achieve such excellent con 
trol for a minimum of 26 months. 

It is worth emphasizing that the severe grass fire men 
tioned above did not appreciably reduce the numbers of 
rats trapped in the affected areas, and that while the 
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chigger index on those rats was drastically lower than on 
neighboring rats in an area free of fire, within 7 weeks 
there was no significant difference in the respective in 
dices. New growth of lallang had commenced within a 
few days from underground rhizomes, and by the end of 7 
weeks there was little evidence of the fire except for the 
fact that the shrubs did not survive the holocaust and 
were, in effect, being replaced by lallang. All this suggests 
that the wartime method of using brush and grass fires to 
prevent scrub typhus had little, or at best, transient 
value. Since lallang apparently replaces shrubs after these 
fires, 1t seems likely that such methods do more to per 
petuate and extend an endemic zone than to control the 
disease. Lallang grass is not only a favorite habitat for the 
rats and chiggers, but the death of the brush and shrubs 
probably lead to an increase in the termite population 
feeding on the underground dead wood. Harrison (1954 
has shown that termites are a major source of food for rats 
living in lallang. 

The effects of burning the grass in mixed grassland and 
scrub were also noted by Harrison elsewhere in Selangor 
(1956). In his observations, Harrison was forced to rely 
mainly upon small numbers of Rattus exulans, which ts a 
relatively poor host for chiggers, but the results noted are 
in general accord with those reported here. Harrison ob 
served that the grassland soon recovers from the effects of 
the fire and that rats marked before the fire were found 
again later (after apparently temporarily “disappear 
ing”). He also reported that there was a severe reduction 
in the numbers of 7. (1.) akamushi, but that “the num 
bers recovered to normal over a period of two or three 
months.” Harrison noted that 7. (L.) deliensis, present in 
low numbers before the fire, was relatively unaffected by 
the fire, but he feels this may be due to the fact that thes 
were breeding in the scrub as well as the grasslands at 
Kepong. In our area, T. (L.) deliensis was far more prev 
alent in the grassland than 7. (1.) akamushi and both 
species at first were greatly reduced in number by the fire 

A point that may warrant clarification is whether a 
rate of application of dieldrin’ substantially lower than 
2.5 pounds per acre used in this experiment would still 


effect adequate control of these chiggers 
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The Effect of Acaricide-Fungicide Combination Sprays on Two- 
Spotted Spider Mite Populations, Blackspot Control, and 
Winter Injury to Roses! 


Pr. J. Henneserry,? E. A 


ABSTRACT 


Populations ol two-spotted spider triite Tetranychus telar 
L and severity of blac kspot disease (D plocar pon rosae Wolf 
were negatively correlated to the amount of winter injury to rose 
bushes. The number of surviving rose canes was greatest in plots 
with the most effective mite and blackspot protection during the 


pre Vious season 


Premature defoliation from severe blackspot infection 
(Diplocarpon rosae Wolf) resulting in decreased plant 


Payton, and Joun G. PALMER 


vigor has been associated with winter injury, dieback, and 
canker of rose plants (Ratsek 1937, Lyle 1944, 1956, 
McClellan 1953). 


tion from blackspot have been shown to produce more 


Plants that received adequate protec- 


Howers earlier in the following season than plants poorly 
protected. Some evidence has also been presented to show 


that winter kill of rose canes may be related to severe 
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blackspot or injury by the two-spotted spider mite 
(Tetranychus telarius (L.)) during the previous year 
(MeCleilan et al. 1957 

Detailed accounts of the effect of acaricide and fungi- 
cide treatments for the control of spider mites and black 
spot have been published (Henneberry et al. 1960, Travis 
et al. 1960). The present study, initiated in the spring of 
1957 at Beltsville, Md., is concerned with the relationship 
of spider mite and blackspot injury to the overwintering 
ability of rose plants. 

MATERIALS AND Mertuops. 
planted in April, 1957. The plants were set 2} feet apart 
each way in a plot, with 5 feet between plots. Each plot 
contained 6 plants, 3 each of the varieties Helen Traubel 
and Red Radiance. Tlte plants were mulched with 1 to 2 
inches of sawdust. Applications of ammonium nitrate and 
5-10-5 fertilizer were made at intervals and the roses 


Dormant roses were 


maintained in good growing condition by periodic irriga 
tions throughout the season. 

The experiment was conducted in a randomized-block 
design consisting of 25 treatments in 4 replications. The 
factorial arrangement of weekly spray combinations of 
acaricides and fungicides was as follows: Acaricides 
None, Aramite” (2-(p-tert-butylphenoxy)-1-methylethy] 
2-chloroethyl sulfite), malathion, demeton, and phorate; 
and Fungicides— None, ferbam, maneb, zineb, and cap 
tan. 

The following tabulation gives the formulation and 
pounds of active ingredient per 100 gallons of water for 


each of the acaricides or fungicides 


Wettable pou ders 


per cent Pounds 
\ramite, 15 0.30 
Malathion, 25 50 
Ferbam, 76 1.52 
Zineb, 65 1.30 
Maneb, 70 1.40 
Captan, 50 1.00 

Emulsifiabl oncentrates 

per cent 
Demeton, 26.2 O83 
Phorate, 47.5 3 


All sprays contained 1 pound of DDT, } pound of lin 
dane, and } pint of Santomerse-S per 100 gallons. Plots 
were sprayed weekly from June 18 to September 17 with 
2-gallon compressed-air sprayers. 

Spider mites were transferred from rose plants in older 
experimental plots to the Red Radiance variety rose and 
allowed to become established before treatments began. 
A spore suspension of blackspot fungus was sprayed on 
the Helen Traubel variety in the latter part of June. 

The effect of treatments on mite populations was ob 
served by counting the total number of living mites on five 
leaf dises, 9/16 inch in diameter, taken at random from 
the Red Radiance plants of cach plot. Blackspot ratings 
were made of the Helen Traubel variety on October 4. 
Plants were rated according to the percentage of foliage 
having blackspot lesions. In the spring of 1958, the num 
ber of surviving canes of each variety in a plot was deter 
mined and recorded. 

Resutts.—Red Radiance plants in plots sprayed with 
Aramite or demeton combinations containing any one of 
the fungicides tested had lower mite populations than the 
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check treatment. Plots sprayed with phorate- or mala 
thion-fungicide combinations also reduced mite popula 
tions except phorate or malathion with maneb or captan. 
Lower mite populations were also evident on plants 
treated with ferbam, zineb, or captan alone. 

All fungicides tested reduced blackspot infections. 
Maneb, zineb, ferbam, and captan are listed in order of 
decreasing effectiveness. 

Cane survival was greatest in plots treated with Ara 
mite and the fungicides ferbam, maneb, or captan or 
demeton plus the fungicides maneb, zineb, and captan. 
Plots sprayed with malathion-maneb or phorate-ferbam, 
maneb, or zineb had more surviving canes than the check 
plots. More surviving rose canes also occurred in plots 
treated with ferbam, maneb, or captan alone. 

The tabulation below presents the following correlation 
coefficients as determined by the Method of Snedecor 


(1956 


ource of Variation Red Radiance Helen Traubel 
Rose Cane Survival with Mite 


\ 


Population SSE 
Rose Cane Survival with Black 
spot Severity 1o79"" £5 FO 


Blackspot Severity with Mit 
Protection 


1913 ns 


** Significant at the I ke 


Mite populations and blackspot severity were nega 
tively correlated to the number of winter-surviving canes 
of Red Radiance rose plants. 

In general, similar results were observed with respect to 
the effect of fungicides on blackspot control and cane sur 
vival of the Helen Traubel variety. Higher winter survival 
of rose canes was evident in plots sprayed with maneb 
alone, Aramite-ferbam, or zineb, malathion-manebh, 
demeton-maneb, or captan, and all phorate-fungicide 
combinations. Since there was only a naturally occurring 
infestation, the test for correlation was made on the 
Helen Traubel variety only to determine the relationship 
between blackspot severity and winter survival of canes 

DIscussION The beneficial effects of plant protection 
from foliage injury and subsequent defoliation owing to 
blackspot and mite control have been demonstrated with 
increased flower yields (MeClellan et al. 1955, Taylor et al. 
1956, Henneberry ef al. 1960). 
also more vulnerable to winter injury. The results of the 


Less vigorous plants are 


present study indicate that plants with decreased vigor 
resulting from poor mite control and disease protection 
are less able to survive the winter months (table 1). This 
finding supports earlier work which demonstrates that 
rose plants are more productive the following season when 
given adequate protection from mite and disease injury 
the previous year (McClellan ef a/. 1958). 

Lyle & Massey (1941) have reported that loss of vigor 
in rose plants predisposes them to Diplodia-type dieback. 
In the present experiment spider mite and blackspot in 
jury resulted in a loss of plant vigor and was associated 
with increased winter injury. 

Phorate and demeton did not give effective mite control 
late in the season but were very effective early in the sea 
son. Generally higher cane survival occurred in’ the 
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Table 1.—Number of two-spotted spider mites, percentage 
of blackspot control and number of overwintering canes on 
Red Radiance rose plots, and percentage of blackspot and 
overwintering canes on Helen Traubel rose plots treated 
with acaricide-fungicide combinations. 





Rep Rapianct Heten TRAUBEI 





Black Number Black Numb r 
Num spot of spot ol 
PREATMENT ber of Rating Healthy Rating Healthy 
ComMBINATION Mites w/ Canes % Canes 
Check 1.054 100 3.0 100 be | 
Ferbam ISS bS 7.0 Ss tO 
Manelb Ob 22 s.0 245 } 7.0 
Zineb 629 17 5.0 36 5.0 
Captan S14 63 8.0 63 t.0 
Meat 726 i) o.< +4 0 
Aramite 
Alone 130 9] tv 93 t.0 
Plus Ferbam 3S4 $2 9.0 35 7.0 
Maneb 204 x) 8.0 4 t.0 
Zinel 5A 33 5.0 9 8.0 
Captan 15v HY 10.0 St 6.0 
Meat 82 bl 7.8 13 6.0 
Malathion 
lone 785 100 3.0 99 20 
Plus Ferbam 527 35 6.0 33 LO 
Maneb 696 8 6.0 27 7.0 
Zineb 605 33 7.0 ”) 5.0 
Captan 714 65 6.0 63 6.0 
Mean 665 BY 5.6 56 5.0 
Demeton 
Alone 575 OS 5.0 oo 5.0 
Plus Ferbam tS2 rs 5.0 17 50 
Maneb 579 4 SO ree 7.0 
Zineb IS 30 7.0 8 5.0 
Captan ISS 37 9.0 bb 7.0 
Meat IS] 1D) 6.8 tS 6.0 
Phorate 
(lone 6SO 99 g ) Q9 »() 
Plus Ferbarm SSS 35 7.0 BS 7.0 
Maneb 70S i) 7.0 iB) 7.0 
Zinel Stl Ss 0 5 9.0 
Capta G69 oO 74 7.0 
Mean GOS 540 60 19 6.0 
LSD. at 5 
level sof 10 s.6 12 3 4 
Mie If ) bd 6 | 
I I 
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treated plots. Carrier (1953) has found that defoliation in 
August decreased hardiness more than in September. The 
results of the present study further emphasize the need 
for early, effective protection of rose bushes from insect, 
mite, and disease infestations. 
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The Survival of the \MiIadeira Cockroach in Various \tmospheres! 


Wo No Steunivan, MOS. Scuecutrer, R 


Fuiron, J. C. KRevier, and S. R. DutkKy, 


doric. Res. Serv., U.S.D.A 


ABSTRACT 


Phe Madeira cockroach (Leu phaea maderae (F has charac 
teristics that should make it useful for biological studies on fac 
tors affecting life in outer space. In studies to determine a fa 
able atmosphere for survival in satellites the insects were sealed 
in 12-ounce containers with oxygen, nitrogen, helium, or mix 
tures of these gases but without food or water. Lithium hydroxide 
was used to absorb the earl on dioxide evolved in most of the 


tests. The survival time was short with very low or with very 


The Madeira cockroach (Leu ‘ophaea maderae (F, is 
extremely hardy (Willis & Lewis 1957) and, beeause it 
weighs very little and requires less air and food than or 


ganisms of a higher order, there would be advantages in 


high concentrations of oxygen. An atmosphere containing 55% to 
58% of oxygen and 42% to 45% of nitrogen by volume appeared 
to be near optimum for the survival of the cockroaches, pro- 
vided carbon dioxide was removed. The gradual reduction in the 
partial pressure as oxygen was utilized by the insects probably 
was a factor in the decrease of activity of the cockroaches and in 


the increase of their survival time 
utilizing this insect in satellites and space vehicles to ob 
tain useful biological information from outer space, where 


irv 18, 1961 
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Table 1.—The survival time and oxygen consumption of the Madeira cockroach when exposed to various atmospheres in a 


380-cc. sealed container at room temperature. 





CONSUMPTION OF OXYGEN 








CARBON 
COMPOSITION OF Dioxipe Weiaut or SURVIVAL OXYGEN 
Test ATMOSPHERE" ABSORBER INSECTS Timt AVAILABLI Total Range 
No VOLUME PER CENT PRESENT G DAYS c ce ce. /g./day 
l Air No 1.30 So. 77.1 79.8 16.5 2.0¢ 1.4- 1.3¢ 
2 Air Yes 1.28 10.2+0.1 79.8 66.0+ 3.5 §.1- 5.0 
3 Oxygen (100 No 1.42 t.2+0.8 380 1.2 0.4 4.3— 3.6 
4 Oxygen (100 Yes 1.34 2.5+2 380 iS.2+ 7.2 14.7-14.4 
5 Nitrogen (100 No l 0 
6 Oxygen+air (60:40 No 1.63 £.0+0.1 260 12.0+ 0.34 1.9- 1.84 
7 Yes 1.35 22 1.7 260 154.5+29.7 5.3- 5.2 
s Oxvgen+ Nitrogen (1:99 Yes 1.41 | 3.8 
9 60:40 Yes 1.58 8. S+1.9 228 213.4+ 9.9 t.9 
10 60:40 Yes 1.53 25.8+0.3 DIS 209 2 7.5 5.8 
1] 80:20 Yes | 37 22.4+8.8 304 157.42415.7 6.9- 4.5 
12 Oxygen+helium 10:60 Yes 1.45 200.5+0.18 152 148.7+ 2.5 3.02-5.00 
13 Control bottle open to at No 19.7+2.% 
14 Yes 200.7+1 
* One atmosphere pressure 
” Lithium hydroxide 
Weight of cockroaches at start of test; average of 6 replicates ) except 3 replicates in Ne Ila 1 
“ Where no carbon dioxide absorb 8 d, t lecrease in n loes I epresent consumption of oxygen 
‘Lithium hydroxide plus activated cha 11:1 


the more sensitive organisms might perish. Insects are 
also much more resistant to acceleration (multiple G's 
(Sullivan & Westlake 1959) and radiation (Cole et al. 
1959) than mammals. We have devised a system whereby 
electrophysiological signals can be obtained from a cock 
roach sealed in a 12-ounce can. Such signals could be tele- 
metered back to earth. The purpose of the present work 
was to ascertain the atmosphere that would give the 
greatest longevity of cockroaches in such a sealed pack 
age. 

Edwards (1953) showed that, in general. insects con 
sume oxygen at a rate independent of the partial pressure 
of oxygen within broad limits, but at low levels of oxvgen 
concentration the consumption decreases with a decrease 
of partial pressure of oxygen. At 25° C. the average 
oxygen consumption of adult male oriental cockroaches 
(Blatta orientalis L.) is 7.25 ce. per gram per day (Gunn & 
Cosway 1942), 

In the present stu ly, laboratory-reared male Madeira 
cockroaches that had been adults for approximately a 
month were used as test organisms. No food or water was 
supplied after the start of the tests. 
was placed in a 380-cc. ground-glass-stoppered bottle 


A single cockroach 


equipped with a platform made of 18-mesh wire screen 
that raised the insect about 3 inches off the bottom. In 
some tests 3 grams of lithium hydroxide had previously 
been dispersed on the floor of the bottle to act as an ab 
sorbent for carbon dioxide. Activated charcoal was added 
in test No. 10 to absorb odors. 

Except for the bottles containing air alone, the various 
test atmospheres (table 1) were introduced by flushing 
the bottles by means of a small rubber hose, with the de 
sired gas or mixture of gases held in tanks under pressure 
The hose was withdrawn while the gas was still flowing, 
and the bottles were quickly sealed with stoppers lubri 
cated with vacuum grease. The test bottles were then 
held at room temperature and the cockroaches were ob 


served daily. 


A cockroach was counted as dead when no movement 
was observed upon shaking the bottle. The bottle was 
then placed neck down in water at room temperature, and 
the stopper was loosened slightly to allow water to enter 
until the pressure inside and outside the bottle was 
equalized. The stopper was replaced, and the bottle was 
removed from the tank of water. The amount of water 
entering the bottle was measured. This gave an approxi 
mate measure of the amount of oxygen consumed when a 
carbon dioxide absorbent was used. The results are given 
in table 1. 

The average survival time and oxygen consumption for 
cockroaches in the six replications for each test were rea 
sonably consistent as shown by the standard error of the 
mean, except for tests 7 and 11. In these two tests, where 
the total oxvgen content (68% and 80°7,) was so high that 
it could cause poisoning, the cockroaches that managed to 
survive an early death and overcome the toxicity of a high 
initial oxygen content lived for as long as 47 days and used 
most of the large amount of oxygen available to them. In 
favorable atmospheres the consumption averaged ap 
proximately 5 cc. of oxygen per gram of body weight per 
day at room temperature. 

Toward the end of the tests the insects became less 
active and did not attempt to move about much. This 
lessened activity might have been because of the decrease 
in the partial pressure of oxygen or to weakness caused by 
starvation. 

We recognize that the techniques used were simple but 
feel that the consistency of the results indicates that the 
insects died when the partial pressure of oxygen decreased 
to a point where there was between about 19% and 5° 
concentration of oxygen left. In tests now in progress 
Madeira cockroaches survive with a continuous supply of 
air at a pressure of } atmosphere, which is equivalent to 
2.5 volume per cent of oxygen at ordinary atmospheric 
pressure, 

The data from tests Nos. 9 and 10 indicate that an 
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average of 211 ce. of oxygen is required to oxidize the food 
reserves of cockroaches of the type and weight used in 
these tests; 211 ce. is equivalent to 559% of oxygen in a 
380-ce. container. Thus the concentration of oxygen re- 
quired for maximum length of survival of cockroaches of 
this tvpe in a 380-ce. container would be between about 
55% and 58°% of oxygen. 

Insects sealed without food or water in an oxygen-en- 
riched atmosphere in the presence of a carbon dioxide ab- 
sorber survived longer than those in a bottle open to the 
air, possibly because of a lowering of physical and meta 
bolic activity as the partial pressure of the oxygen de- 


creased with time. 
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lexperiments with Granulated Systemic Insecticides for Control of 


Insects on Potatoes, Lima Beans and Sweet Corn! 


P. HE. Scuwarrz, Jr., C. FE. Osaoop, and L. P. Dirman, University of Maryland, College Park 


ABSTRACT 


Granular formulations of the systemic insecticides phorate 
O0,0-diethyl S-2-(ethylthio)ethiyl phosphoro- 
dithioate banded beside the seed rows at planting time were 
effective against potato leafhhoppers, Em poasea fabae (Warris); 
potato flea beetles, Kk; trix cucumeris (Harris); 
potato beetles, Leptinotarsa decemlineata (Sav) on potatoes; the 
lac hna 
Mulsant, on lima beans and corn flea beetles, Chaetoc- 


and Di syston 


and Colorado 


potato le ifhopper and the Mexican bean beetle, E} 
rarivest 
nema } ul ve aria Mi Ish , on sweet corn In general, Vie ld in reases 


of potatoes resulting from granulated Di-syston and phorate 


Phorate has been included in experiments on insecti 
cidal control of potato pests at the Maryland Station over 
a period of 5 years. This insecticide has been applied as a 
seed dip, as a side dressing worked in with the first culti 
vation and in the row with the cut seed pieces at planting 
time. The seed dip method was very injurious to the cut 
seed pieces and resulted in a poor stand of weak plants. 
Applications of granules in the row with seed pieces did 
not reduce the stand but there appeared to be a consider 
able reduction of plant vigor. Granulated phorate applied 
as a side dressing after plants were up did not injure 
plants, gave good insect control, but satisfactory mcreases 
in vield were not obtained. In the experiments reported 
here the granulated insecticides were applied in’ bands 
with the seed at planting time. 

Mareriats AND Procepurs. Potatoes of the Trish 
Cobbler variety were planted April 18, Fordhook 242 lima 
beans and Deepgold sweet corn were planted May 19. 
The potatoes were treated with phorate and Di-syston 
O.0-diethyl S-2 (ethylthiojethyl phosphorodithioate 
in 107 granular formulations. In addition to phorate and 
Di-svston the lima beans and sweet corn received treat 

Amer. IS133 
0.0-diethyl O-2 pyrazinyl phosphorothioate) in 5% 


ments of the nematocide Cyvanamid 
granular formulation. Sweet corn was treated only with 
the svstemic materials while additional foliar spray treat 
ments were included in the experiments on potatoes and 


lima beans (tables 1, 2, 3), The seed potato pieces were 


treatinents were not so high as expec ted from the insect control 
achieved. Potatoes receiving foliar treatments of phosphamidon 
and = Thiodan 6,7,8,9, 10, 10-hexachloro-1,5,5a,6,9,9a-hexahy- 
dro-6,9-methano-2, +,3-benzodioxathiepin 3-oxide consistently 
outyielded both the untreated and the traction-treated check 
plots. Yields of sweet corn from all granulated systemic insee- 
ticide and nematocide treatments were increased from 0.3 to 0.8 
tons per acre although these increases were not significant at the 


5° /, level 


dropped by hand in a suitable furrow. After being placed 
in the furrow the seed was lightly covered and the 
granulated insecticide was applied with a hand-drawn 
type two-tube granule distributor. The distributor was 
set for the particular materials according to the manu- 
facturer’s suggested calibration at a speed of 2 miles per 
hour. ‘To maintain constant speed the distributor was 
drawn by a tachometer-equipped tractor. After applying 
the granulated material the potatoes and the insecticide 
were covered with soil. This method of application did not 
permit exact placement of the insecticide since it was 
difficult to guide properly the applicator over the rough 
ground. On corn and lima beans, the granulated materials 
were applied with a four-tube grant le distributor which 
was fitted to the planter. The distributor tubes were 
placed so as to apply the insecticide through the fertilizer 
shoes on the planter. Calibrations furnished by the manu- 
facturer were also used for application of the materials to 
corn and lima beans. After planting these two crops the 
output of the equipment was checked so that the exact 
amount of the insecticide applied was determined. The 
planter-attached granule applicators appear to be very 
satisfactory and once properly adjusted evenly distribute 
and accurately place the insecticide in relation to the posi- 
tion of the seed. 
Scientific Article Number A891, Contribution Number 3211 of the Mary 


land Agricultural Experiment Station, Department of Entomolog 
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Table 1.—Effect of insecticides applied to potatoes on insect populations and yields. 





CoLoravo Porato 


FLEA Breerut LEAF- Corn 
BrEETLI HOPPER® Borer 
ADULTS Larval- NYMPHS LARVA! AVG. 
\ctivi No PLANTS PER 50 Larvae injured PER 5 PER 5 YIELD 
INGREDIENT ApPLi- PER Piants per Plot’ Plants per PLAants PLANTS PER 
(LB./A.) CATIONS PLot JUNE 3 June 18 Plot JUNE 22 Jury 3 Pot FLAVOR 
TREATMENTS June 13 LB. Vauur 
Phorate granules 2.00 l 108 2.0 0.0 1.5 0.0 25.3 187.0 3.9 
Phorate granules 3.00 l 113 3.5 0.0 1.3 0.0 23.3 187.4 $0 
Phorate granules 
+foliar dimethoate 3.00 l 115 2.0 0.0 3.5 0.0 26.3 209.9 3.9 
Phorate granules 
+foliar dimethoate 0.50 
Phorate granules 3.00 l 109 6.7 0.0 3:3 0.0 17.0 169.5 he 
+foliar dimethoate 0.25 
Di-syston, granules 2.00 I 118 6.2 0.0 SS 0.0 35.8 194.5 3.5 
Di-syston, granules 1.00 l 113 $15 0.0 ‘ae 0.0 31.0 250.6 Lo 
Check with traction 5 122 27.2 19.3 37.0 15.8 27.0 163.4 3.9 
Phosphamidon, FE. C 1.00 5 115 23.2 0.0 14.0 0.0 6.8 237.5 $4 
Thiodan, E. C. 0.75 5 125 10.7 0.0 3.8 0.0 7.0 240.9 $3.9 
Check 124 62.7 12.8 13.7 38.5 36.0 196.8 $3.45 
L.S.D. at 5% level 20.8 18.3 12.9 1t.9 nes 





® Ten plants sampled per plot 
» Five plants sampled per plot. 


Randomized replicated block designs were used in all 
tests. All treatments on all crops were replicated four 
times on plots 0.01 acre in size or larger. Observations 
were made on insect populations and evidence of phyto- 
toxicity. Yields were taken on all experimental plots, and 
all crops were evaluated for flavor. Flavor samples of 
potatoes were boiled, before evaluation, while canned 
samples of corn and lima beans were evaluated. 

In addition to granulated insecticides, potatoes received 
treatments of five foliar applications of each of phos- 
phamidon, Thiodan® (6,7,8,9,10,10-hexachloro-1,5,5a,6,9, 
9a,-hexahydro-6,9-methano-2,4,3-benzodioxathiepin — 3- 
oxide), and phorate followed by a late application of di- 
methoate. Two untreated checks were included on po- 
tatoes: one with no treatment and another with traction 
only by passing over the plots with the tractor sprayer at 
the times foliar treatments were applied (See table 1 

Lima beans, in addition to the two granulated insecti 
cides and the treatment with a granulated nematocide, 


received four foliar applications each of Sevin® (1-naph 
thyl N-methylearbamate), Dilan® (2-nitro 1,1-bis (p 
chloropheny!)propane and butane mixture (1-2 ratio 
and ethion. (See table 2. 
Rest LTS. Potatoe s. 
on potatoes resulted from the use of the granulated sys 


A high degree of insect control 


temic insecticides, supporting the findings of Cuthbert 
et al. (1959), Sleesman (1957), and Wilcox & Howland 
(1960). In this experiment all treatments applied gave 
complete control of larvae of the Colorado potato beetle, 
Leptinotarsa decemlineata (Say), and the potato leaf 
hopper, E-mpoasca fabae (Harris), as indicated by counts 
of the nymphs (table 1). Phosphamidon and Thiodan 
gave greatest reduction of larvae of the European corn 
borer, Pyrausta nubilalis (Hbn.). The greatest reduction 
of adults of the potato flea beetle, Epitrix cucumeris 
(Harris), was obtained with the granulated systemic ma 
terials, although in no instance was perfect control 
achieved. In general, yields of potatoes from plots recety 


Table 2.—Effect of insecticides applied to lima beans on insect populations and yields. 





PLANnts INguRED LeAFHOPPER 


ACTIVI BY Mexican NYMPHS PER AvG 
INGREDIENT No. AppLi- PLANTS Brean BEETLE PER 5 PLANTS YIELD FLavor 
TREATMENTS LB./A CATIONS PER PLot Piotr Jury 1 Jury | PER Pow Vanur 
Phorate granules L. 72 1 134.5 1.8 r.5 18.3 81 
Di-syston granules 1.98 I 152.3 3.0 1.8 20.6 3.94 
Dilan E. C. 1.00 } 149.5 1.3 0.5 21.5 3.91 
Phorate granules 2.48 l 150.0 1.3 0.3 17.6 3.75 
Phorate granules 2.48 | 166.0 3.0 0.3 19.8 3.75 
+foliar dimethoate 1.00 

Amer. Cyanamid 18133 2.10 | 101.8 Pe $2.3 12.8 }.58 
Sevin, W. P. 1.00 t 152.0 2.5 0.0 aR 5.50 
Di-syston granules 2.00 I 142.7 2.3 0.5 20.2 3.36 
Ethion, E. C. 1.00 1 147.5 3.3 0.0 17.5 3.33 
Check 150.0 $5.2 87.8 1S 3.83 

L.S.D. at 5% level 36.9 By, 13.2 6.3 Ws 





* Ten plants sampled per plot 
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Table 3.—Insecticidal treatments applied to sweet corn and their effect on insect populations and average yield per plot. 








Per Cent or PLANTS Corn EaRworM 
No. PLants INsurED INFESTED BY EvRO INsuRED Ears Ears 
By Fiea Breerces PEAN CoRN Borer INFECTED 
ACTIVE No June 10 Average BY SAP CLEAN Tons 
INGREDIENT PLANTS Ist Brood 2nd Brood Depth BEETLE Ears PER FLAVOR 
PREATMENT LB. A.) PER PLo1 Light Heavy July 12 Aug. 11 Per Cent — (inches) %) (%) AcRE VALUE 
Phorate 1.72 549.8 62.0 33.0 19.8 2.0 76.4 ‘7 70.5* 6.3 5.54 3.94 
2.48 556.5 57.8 27.5 59.2 3.3 82.3 1.7 68.5* 7.6 5.44 3.94 
2.48 544.3 59.5 30.3 54.1 3 79.9 Re 76.4* 5.4 5.61 3.94 
Di-svston 1.45 506.8 85.0 65.0 63.5 :.S 78.6 1.5 68.0* 9 5.44 3.86 
1.98 5OL.5 74.0 59.5 67.4 2.6 72.7 1.6 64.4 12.0 5.90 3.61 
Amer. Cvanamid 
18133 2.10 470.8 18.0 15.8 26.6* $.5 80.8 ‘7 69.9* 9.4 5.74 3.88 
Check 493.3 120.8 202.5 50.6 2.5 41.4 1.6 54.6 15.8 5.11 3.77 
L.S.D. at 5% level 21.0 24.5 n.s n.s ns. n.s. n.s. 
* Difference significant at the 5°) level; calculated by transforming percentages to angles 


ing treatments with granules were no greater than those 
recorded from the mechanically undamaged check plots. 
Only on the plots treated with Di-syston at 1 pound per 
acre Was a significant increase in yield obtained, and this 
was inconsistent with the yields from plots treated with 
Di-syston at 2 pounds per acre. Yields from plots receiv- 
ing foliage sprays of phosphamidon and Thiodan were 
both significantly greater than those from the checks with 
sprayer damage, and greater than those from most of 
the plots receiving granule treatments. Thiodan-treated 
plots vielded significantly more potatoes than the un- 
damaged control plots. There was no visible injury to 
plants or reduction of plant vigor caused by any of the 
treatments. Equipment injury in’ this experiment 
amounted to 179% as shown in the reduced yield of the 
traction-treated check. No significant off-flavors were 
present in the boiled potatoes. 

Lima Beans.—All 
Mexican bean beetle, /pilachna varivestis Muls., 
lations as evidenced by injury to plants, and all treat- 


treatments significantly reduced 


popu- 


ments except Amer. Cyanamid 18133. significantly re 
duced leafhopper populations (table 2). There were no 
spider mites or other bean pests present on these beans in 
numbers sufficient to observe the effect of insecticides on 
their populations. Yield of beans was not significantly in- 
fluenced by any of the treatments. There was no visible 
plant injury or reduction of vigor resulting from any of 
the treatments, although the stand of plants was signifi 


cantly less on plots treated with the granulated nemato- 
cide. No off-flavors were present in the canned beans. 

Sweet Corn.—Corn flea beetle (Chaetocnema pulicaria 
Melsh.) injury to young corn plants was significantly 
reduced by all treatments. The nematocide, Amer. 
Cyanamid 18133, significantly reduced first brood 
European corn borer larvae in the whorl of young plants, 
but its effectiveness was lost by the time the second-brood 
larvae appeared. None of the treatments appeared to in- 
fluence insect populations or the amount of insect injury 
to sweet corn ears. Yields from all treatments were greater 
than from the untreated check plots. Although differences 
were not significant at the 5% level, they varied from 0.3 
to 0.8 ton per acre. There was no reduction of stand and 
no apparent phytotoxicity resulting from any of the treat- 
ments and no off-flavors were detectable in the canned 
product. 
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Kxploratory Studies with Soil Toxicants to Control the 
Vexican Fruit Fly! 


J.G. Suaw and M. Sancuez Rivieiito, Entomology Research Devision, Agric. Res 


Serr., USDA 


ABSTRAC1 


Endrin, isodrin, dieldrin, heptachlor, and aldrin were the 
most promising of 27 wettable-power or emulsifiable insecticides 
screened in the laboratory as soil toxicants against the Mexican 
fruit fly (Anastrepha ludens (Loew) ). Granulated aldrin appeared 
to have higher initial toxicity than similar formulations of 
endrin, dieldrin, or heptachlor in laboratory tests, but the 
latter were more effective after 294 days. Endrin emulsifiable 
and wettable-powder formulations were still highly toxic 1,134 
days after application to small field plots during the dry season 


Soil insecticides provide a means of destroying imma- 
ture stages of fruit flies in the soil and also adults that 
come in contact with residues during and after emergence. 
Additional mortality in the adult stage may be caused by 
the latent toxicities of some materials (Tamashiro & 
Sherman 1955). 

As a result of studies conducted by L. F. 
associates, dieldrin and other toxicants are known to be 
effective against tropical fruit flies in Hawaii when applied 
to soils (Christenson 1953, and unpublished data). On the 
basis of this work, substantial use was made of soil ap- 
plications of dieldrin in the successful Mediterranean 


Steiner and 


fruit fly eradication campaign in Florida in 1956-57 
(Steiner ef al. 1961). The present investigations were un 
dertaken at our laboratories in Mexico to determine the 
most effective and practical soil insecticides for use in 
eradication and control programs involving the Mexican 
fruit fly (Anastrepha ludens (Loew 

Metuops.—The soil toxicants were evaluated both in 
small galvanized-iron pans in the laboratory and in small 
field plots. The pans used in the laboratory tests were 83 
inches square and 3 inches deep. These were filled to a 
depth of 2 inches with soil from a mango orchard sifted 
through 10-mesh screen. The insecticides were applied to 
the surface of the soil with a manually operated sprinkling 
device or with a sifter for the granular formulations that 
had been diluted with fine soil to facilitate even distribu 
tion. Effectiveness was determined periodically by adding 
200 mature fruit fly larvae (reared on fresh carrot-yveast 
medium (Finney 1956)) to each treated surface and ob 
serving mortalities in these and the subsequent pupal and 
adult stages. The final index of toxicity also included 
mortality occurring in the adult stage during a 7-day 
postemergence period. 

In the field tests the materials were applied to soil plots 
covered by pyramidal cages (2 ft. square at the base) that 
trapped emerging flies. The plots were shaded with 13 
inch laths spaced 13 inches apart on a frame 7 feet above 
the ground. Larger particles of rock and debris in each 
plot that would not pass through }-inch hardware cloth 
were removed from the sandy clay loam before applica- 
tions were made. Each treatment was replicated six 
times. Emulsions and wettable-powder sprays were ap- 
plied at the rate of 1,500 gallons per acre. The plots were 
irrigated twice weekly to provide moisture needed for 


but less effective when the applications were made during the 
rainy season. A dieldrin emulsifiable formulation at the rate of 
12.1 pounds per acre was the best treatment 1,037 days after 
application in a second series of field tests. However, 5 pounds in 
either emulsifiable or granulated formulations was not an ade 
quate dosage. Heptachlor gave good initial kill in all tests but its 
efficiency declined rapidly within 6 months. The toxicants ap 
peared to be more effective on loamy sand than on sandy loam 


but the amount of spray per acre did not affect performance 


optimum development of mature larvae and pupae and 
emergence of adults. 

In the small-plot field tests, 500 mature larvae were 
introduced to determine comparative toxicities initially 
and at selected intervals. Corrections were made for 
natural mortality in all experiments according to a 
method developed by Abbott (1925). 

Lasporatory Trests.— Emulsifiable and/or wettable 
powder formulations of the following materials were 
evaluated in the unreplicated pan tests: aldrin, BHC, 
lindane, chlordane, DDT, TDE, dieldrin, endrin, isodrin, 
heptachlor, methoxychlor, toxaphene, Dilan, Perthane®, 
Bayer 16259, Co-Ral*, Chlorthion®, DDVP, Dipterex 
Diazinon*, E'P-15, Guthion®, 
parathion, chlorbenside, and ethylene dibromide. Chem 


ronnel, Dow malathion, 
ical definitions of the compounds not having approved 
common names precede the “References Cited” below. 

Endrin, isodrin, dieldrin, and heptachlor were the most 
effective and caused mortalities as high as 950% to 1000; 
for several months. Isodrin was also promising but had to 
be discarded because it was not available commercially 
Emulsifiable ethylene dibromide at dosages of 10 and 20 
pounds per acre was extremely toxic initially but within 
21 days became completely ineffective. 

In unreplicated pan tests with granules dieldrin, endrin, 
and heptachlor were not so effective immediately after 
application as they were 77 days later. The granulated 
endrin and heptachlor appeared to be less toxie than fresh 
applications of the same materials in emulsifiable sprays. 
Granulated aldrin was highly toxic initially but 


acked 
residual effectiveness, presumably because of its greater 
volatility. After 294 days, heptachlor seemed to be the 
most effective granulated material, followed by dieldrin 
and endrin. 

Finny EXPERIMENTS. 
under pyramidal cages were started in April during the 


Replicated tests on small plots 


dry season. Emulsifiable endrin at the rate of 7.6 pounds 
of actual toxicant per acre and endrin wettable powder at 
6 pounds were still highly effective after 1,134 days 
(table 1). Heptachlor at 12.7 pounds was effective for 330 
days, but thereafter its toxicity was much less than endrin 
at 5.1, 6.0 and 7.6 pounds per acre. Heptachlor at 83 
pounds gave adequate mortality of larvae introduced 1 


r publication January 25, 1961 


Accepter 


666 


ap] 


day 
lost 


not 
sea 
gay 
wit 
the 
init 
rap 
tiot 
tred 
mol 
tox: 
but 


itie: 
esp 
pro 
tox! 


lave 


icity 
chil 
spec 
app 
and 
duc 
245 
tive 
wer 


(tak 


ny the 
rate ot 
s alter 
nds in 
n ade 
but its 
ts ap 
loam 


Te 


>and 


were 
tially 
(* for 


to a 


able 
were 
BEIC, 
vdrin, 
ane” , 
rex 

hion, 
hem 
oved 
Ww, 

most 
00%, 
ad to 
lally, 
id 20 


ithin 


drin, 
alter 
lated 
fresh 
Pas. 
eked 
ater 

the 
ldrin 


plots 
the 
inds 


August 1961 


Suaw & Rrivieiio: Som ToxicaANnts To Controt MExIcaN Fruit Fiy 667 


Table 1.—Effectiveness against the Mexican fruit fly of wettable powder (WP) and emulsifiable (EM) soil insecticides 


applied to field plots in the dry season, April 19, 1956. 





TOXICANT 


FORMULATION PER ACRI 
ie 


4 (LB. ) l 113 169 

Endrin, 50, WP 6.0 92 68 86 
24.7, EM 5.1 91 72 83 

24.7, EM 7.6 98 79 91 

lk plac hlor, 26.5, WP 8.5 89 55 70 
26.5, WP 12.7 97 60 S4 

Aldrin, 40, WP 12.0 OF 56 74 
23.1, EM 12.0 98 61 S4 
Untreated 28 I 17 


Per Cent Mortanuity (Days Arrer TREATMENT) 


246 330 £00 470 662 809 973 1,134 
62 89 78 75 91 90 82 71 
69 80 63 60 79 66 76 56 
75 94 84 79 91 92 88 79 
52 50 9 

85 78 52 49 42 60 38 31 
42 jl Is 

68 63 39 39 

36 30 29 23 24 23 21 12 





Table 2.—Effectiveness against the Mexican fruit fly of emulsifiable (EM) and granular formulations of soil insecticides 


applied in the rainy season, July, 1956. 





TOXICANT 

FORMULATION PER ACRI 
Q LB l 58 135 
Endrin, 24.7, EM 7.6 95 9] 86 
Chlordane, 50, EM 10.0 65 15 74 
Toxaphe ne, 60, EM 50.0 SO 12 13 
Lindane, 15, EM 12.0 4 39 57 
Heptachlor, 24.8, EM 9.0 95 71 S4 
Dieldrin, 18.5, EM 12.1 S4 13 75 
18.5, EM 5.0 $2 ‘1 15 
10, granular 5.0 9 10 27 
Untreated 16 36 1g 


Per Cent Mortaniry (DAYS AFTER TREATMENT) 


219 289 S73 565 712 876 1,037 
SS 69 42 60 54 5S 58 
ofA 27 15 

IS 6 

$2 s 

56 bt 26 21 22 14 11 
SS 64 61 69 S4 87 69 
IS 25 IS 

23 l 

33 25 





day after treatment but not of those at 113 days. Aldrin 
lost toxicity rapidly after 169 days. 

For reasons not determined endrin and heptachlor were 
not so effective applied during the rainy as during the dry 
season (table 2). Endrin applied when rains were frequent 
gave a mortality of only 54°) after 712 days compared 
with 920% after 809 days for an equivalent treatment in 
the dry season. The toxicity of heptachlor in wet weather, 
initially equal to endrin and superior to dieldrin, declined 
rapidly after 1385 days. Dieldrin in an emusifiable formula 
tion at 12.1 pounds per acre was the most effective of all 
treatments applied during the rainy season, with 69% 
mortality after 1,037 days. High dosages of chlordane and 
toxaphene were ineffective. Lindane gave good initial kill 
but was only moderately effective after 58 days. 

Regardless of conditions at time of application, mortal] 
ities in all plots were higher during rainless periods, 
especially toward the end of the dry season, than during 
prolonged periods of wet weather. Bioassays showed more 
toxicant in the top 2 inches of soil than in comparable 
lavers to a depth of 16 inches. 

The influence of limited variations in soil types on tox 
icity was investigated with endrin, dieldrin, and hepta 
chlor emulsion sprays at 6, 12, and 12 pounds per acre, re 
spectively, and heptachlor wettable powder at 12 pounds 
applied to outdoor plots of sandy clay loam, sandy loam, 
and loamy sand. Five hundred mature larvae were intro 
duced into each plot to determine toxicity at 3, 122, and 
245 davs after treatment; 250 were used to evaluate effec 
tiveness at 411 and 576 days after applications. There 
were no differences in initial kill attributable to soil type 
(table 3). After 122 days, the two heptachlor formulations 


appeared to be more effective on sandy clay loam than on 
the other soils, but endrin and dieldrin were more effective 
on sandy loam and loamy sand. Mortalities declined dur- 
ing 122 days from initial values above 90% for all ma- 
terials on each of the three soils to an average of 73.2% on 
sandy clay loam, 71.60% on sandy loam and 77.59% on 
loamy sand, 

All field experiments were conducted at Cuernavaca, 


Mexico. 


Table 3.—Effectiveness against the Mexican fruit fly 
of insecticides applied to three different soils* exposed to 
field conditions, Oct. 1957. 





Per Cent Morvaciry 


Days Endrin Heptachlor Heptachlor Dieldrin 
APTER 24.7 | 26.5 WP 24.8% EM 18.7%, EM 
PReatTMeNt Untreated 6 12 12)” 12)' 
S Clay I 
19.4 97.4 99.5 100.0 88.5 
l 25.9 66.6 7.9 S.9 69.5 
45 6.1 59.6 61.0 62.8 7 ) 
tli 16.4 67.2 30.1 75.4 78.2 
576 26.6 16.4 3.4 21.9 62.8 
s y 1 
14.2 905 99 8 100.0 94.1 
122 19.2 86.5 8.9 65.5 75.5 
45 iSoS 80.5 1.6 53.5 ri 5 
Hl 17.7 76.8 26.9 26.0 65.7 
376 28.1 57.3 24.1 1.8 66.2 
/ y Sand 
15 Wo4 OLS 99.0 9.4 
1 17.8 SOLS O4.6 76.9 8.8 
t 82. ¢ 1 8.7 62.1 ) 
tI 20.2 >. ¢ I 4 a4. 4 
{ O06 thf 4 5 62.4 





* Classified by R. J. Laird, Soil Scientist, Rockefeller Foundation 


© Pounds active ingredient per acre 
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Table 4.—Mortality of introduced mature Mexican fruit 
fly larvae after different periods of time in soil treated with 
insecticides, July, 1957. 





Per Cent Mortarity Arrer 


Development 
Completed 


Toxicant 2 Days in 16 Daysin in Treated 


FORMULATION PER ACRE Treated lreated Undisturbed 

©) LB.) Soil Soil Sol 

Endrin, 24.7, EM 5 80 74 95 
24.7, EM 7.6 64 84 99 
Heptachlor, 24.8, EM 9 66 51 95 
26.5, WP 12.7 28 | 97 

Dieldrin, 18.5, EM 12.1 83 83 98 
Untreated 0 29 6 





QUANTITY OF SpRAY.—Complete coverage with sprays 
containing soil insecticides may not be feasible in some 
areas because of terrain or limited water supplies. The 
cost of application may also be a factor if large amounts of 
spray are required, 

The comparative effectiveness of partial to complete 
wetting of the soil was determined in still other pan tests 
in which endrin, dieldrin, and heptachlor sprays were 
applied at rates/acre of 400 (spotty coverage), 800 (less- 
than-complete coverage), and 1,600 gallons (good cover- 
age with thorough moistening of the soil surface). Again 
there were no differences in initial effectiveness. Appar- 
ently in all treatments most of the introduced larvae 
were able to move about enough on or under the surface of 
the soil to acquire lethal exposures to residues or fumes. 
A bioassay 157 days after treatment also failed to show 
differences, but by this time irrigation with 0.05 inch of 
water twice weekly may have disturbed the distribution 
of the toxicants. 

The toxicities of surface residues of endrin, heptachlor, 
and dieldrin applied in sprays at the rate of 400 and 1,600 
gallons per acre were not influenced by irrigations at inter- 
vals of 1, 2, or 3 weeks, or twice weekly. This suggests no 
need for rainfall or artificial application of water after 
treatment if the soil insecticides are applied in spray for- 
mulations. 

When Mexican fruit fly puparia were sifted from 
treated soil 2 and 16 days after mature larvae were intro- 
duced and then placed in untreated soil, mortalities 
caused by endrin, heptachlor, or dieldrin wettable-powder 
and emulsifiable formulations were approximately the 


same (table 4). A small percentage of the flies developed 
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to the adult stage in the endrin and dieldrin tests, but 
most of these died within a few days. Nearly all of the 
larvae and pupae in the heptachlor-treated soil emerged 
as adults but enough succumbed to raise the total mortal- 
ity to approximately the same level as that for the other 
toxicants. 

Mortalities of puparia which remained in treated, un 
disturbed soil until all survivors had emerged were con 
siderably higher than the mortalities of puparia removed 
from the treated soil at 2 and 16 days (table 4). 


Compounpbs Wrrnour ApPpRovED COMMON NAMES 


Dilan 1 part of 1,1-bis (p-chlorophenyl)-2-nitropropane 
plus 2 parts of 1,1-bis p-chlorophenyl)-2-nitro 
butane 

Perthane — 1,1-dichloro-2,2-bis p-ethylphenyDethane 
Bayer 16259 O,O-diethyl — S-(4-oxo-1,2,3,-benzotriazin-3(4H)- 
ylmethyl phosphorodithioate 
Co-Ral 0-(3-chloro-4-methylumbelliferone 
phosphorothioate 
Chlorthion O-(3-chloro-4-nitropheny! 
phorothioate 
Dipterex dimethyl (2,2,2-thrichloro-l-hydroxyethyl) phos 


0,0-diethy! 


0,0-dimethy! phos 


phonate 
Diazinon O,O-diethyl O-(2-isoprophyl-6-methyl-4-pyrimi 
dinyl phosphorothioate 
Dow ET-15  O-methyl — 0-2,4,5-trichloropheny!] 
amidothioate 
Guthion 0,0-dimethy] S-4-oxo-1,2,3-benzotriazin-3 (4H)- 
ylmethyl phosphorodithioate 


yhosphoro 
I | 
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Control of the Peach Tree Borer with Guthion. 
Parathion and Thiodan' 


E. H. Smiru, New Vork State {ric ultural Ex periment Station, Geneva 


ABSTRACT 


Thiodan®  (6,7,8,9,10,10-hexachloro-1,5,5a,6,9,9a-hexahydro- 
6,9-methano-2,4,3-benzodioxathiepin 3-oxide) was more effec- 
tive than Guthion® (0,0-dimethyl S-4-oxo-1,2,3-benzotriazin- 
3-(411)-ylmethyl phosphorodithioate) and parathion in single 
applications made when 10% of the moths had emerged. Control 
with Thiodan was not significantly different from the other ma 
terials following two applications at 10% and 60% moth emer- 
gence. All materials showed some ovicidal action with parathion 
being most effective in this manner. The head capsules of larvae 


were measured and comparisons made in the size of survivors of 
each treatment. The marked effectiveness of Thiodan against 
established larvae suggests its possible use in postharvest treat 


ments. 
Research was initiated in 1949 to develop more effective 
control programs for the peach tree borer Sanninotdea 
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exitiosa (Say). A two-spray program was developed using 
parathion or EPN (Smith 1951, 1952) which has been 
generally adopted by growers in this area. Since the intro- 
duction of this program it has been difficult to locate suit- 
able test orchards in which the effectiveness of some newer 
insecticides could be compared with recommended ma- 
terials. A suitable orchard was located in 1960 and tests 
were undertaken to compare Guthion® (O0,0-dimethyl S- 
$-oxo-1,2,3-benzotriazin-3-(4H)-ylmethy] 
thioate), parathion and Thiodan® (6,7,8,9,10,10-hexa- 
chloro-1,5,5a,6,9,9a-hexahydro-6,9-methano-2, 4,3-benzo- 
dioxathiepin 3-oxide). The present paper reports the re- 


phosphorodi- 


sults of these tests. 

MarertaALs AND Metuops.-The test orchard was a 
10-vear old Elberta peach orchard located at Spencer- 
port, N. Y. Pwo randomized rows of approximately 15 
trees each were used for each treatment. Sprays were ap- 
plied with a hand gun operated from a hydraulic rig at 
100 p.s.i. A coarse spray stream was directed to the trunks 
so as to wet them thoreughly to the soil level. The soil was 
Alton gravelly fine sandy loam which under normal condi- 
tions of soil moisture would readily absorb spray run-off. 

As a guide to the timing of sprays, records were taken 
on moth emergence based on weekly collections of cast 
pupal cases from untreated trees. The first spray was ap- 
plied on July 12 to coincide with hatching of the earliest 
eggs. At this time, 10°, of the moths had emerged. The 
second spray was applied on August 2 at the estimated 
mid-point of moth emergence (fig. 1). The effectiveness of 
the early and late treatments was determined individually 
and in combination, 

Results were considered in terms of ovicidal effective- 
ness and re luction in larvae present in October. The latter 
reflects the combined effect of treatments against adults, 


ggs and larvae. 


a 
Ovicidal effectiveness was determined from samples of 
eggs collected from tree trunks following completion of 
hatch. Eggs were examined in the laboratory with the aid 
of a binocular microscope. 
Records on larval survival were taken in October from 
10 trees of each treatment selected for uniformity of in 
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Fic, 1.— The timing of sprays in relation to moth emergence of 


the peach tree borer. Spencerport, New York, 1960. 


festation based on evidence of previous injury and moth 
emergence during the current season. To facilitate collec- 
tion of larvae, the soil was removed from the tree trunks 
to a depth of 10 inches a week or more before collections 
were made. The presence of frass aided in locating larvae 
which were removed and preserved in KAAD (Peterson 
1948) for later study. 

The head capsules of larvae were measured in the 
laboratory with the aid of a binocular microscope to pro- 
vide a basis for comparing the size of survivors of the vari- 
ous treatments. 

Resuitts aNbD Discussion.—The effect of treatments 
on eggs and larvae is shown in table 1. A notable feature 
of these data is the very high infestation in the untreated 
trees. Based on larval counts, Thiodan was the most effee- 
tive material with Guthion and parathion about equal. 
The early Thiodan treatment was significantly more effee- 
tive than the other early treatments and the late Thiodan 
treatment was more effective than late Guthion. The 
effectiveness of Thiodan against established larvae sug- 
gests its possible use in postharvest treatments. The late 
parathion treatment was more effective than the com- 


Table 1.—The effect of spray treatments in controlling eggs and larvae of the peach tree borer and size of surviving larvae. 


Spencerport, New York, 1960. 








DATE OF haGs LARVAI 
TREATMENT Heap CapsuLe MEASUREMENT (MM 
LB. PER Control# Avg. per Control 

Material 100 Gat. July 12 Aug. 2 Q% Tree (% Min. Max. Avg. 
Parathion, 15%, w.p 2 X 60 19 27 0.63 3.80 1.66 
2 x 79 5 79 0.63 $.88 1.86 
2 \ x 93 2S 87 0.70 3.26 1.68 
Guthion, 25%, w.p ? \ 3o 16 39 0.63 3.66 1.49 
) x 68 12 53 0.63 3.66 1.57 
) x x 74 } SS 0.63 3.60 1.52 
Thiodan, 50%, w p 1.3 x 37 3 87 0.63 1.63 1.50 
1.3 x 69 l 96 1.16 2.66 1.93 
LS x x 90 0.5 98 1.13 3.43 2.36 
Untreated 26 0.63 3:23 1.64 

L.S.D at 5% level 5.4 

* Approximately 100 eggs examined from each treatment. 94°) hatch in untreated 


Based on larvae collected from 10 trees 








670 


parable Guthion treatment. The early parathion spray 
was considerably less effective than would be expected 
based on previous results (Smith 1952). 

Parathion was most effective ovicidally and its ovicidal 
effectiveness was essentially equal to its total effectiveness 
except in the case of the first spray which for unexplained 
reasons gave lower total control than expected. Guthion 
also gave ovicidal control roughly equal to total control. 
In the case of Thiodan, total control was in all cases 
higher than ovicidal control. The 37% ovicidal effective 

ness of the early Thiodan spray likely includes some eggs 
killed by residual ovicidal action. Effectiveness of organo- 
phosphates by this means has previously been cited 
(Smith 1954). The ovicidal action of Thiodan differed 
from that of the other materials as evidenced by embryos 
which punctured the chorion before death occurred. With 
all three materials, mature embryos were present in eggs 
which failed to hatch. The ovicidal effectiveness of Thio- 
dan, a chlorinated hydrocarbon, is of special interest. The 
embryos appeared similar to those killed by organophos- 
phates following inhibition of cholinesterase (Smith & 
Wagenknecht 1956) although the chlorinated hydrocar 
bons presumably act by a different mode of action. 

Similar action by both organophosphates and chlori 
nated hydrocarbons against eggs of the pink bollworm 
has been reported by Brazzel & Gaines (1959). 

The larvae varied greatly in size with extremes in head 
capsule measurement from 0.63 mm. to 3.80 mm. The 
number of instars and range in size of each has not been 
conclusively established although King & Morris (1956 
report 5 to 7 with 6 the most likely number. The largest 
larvae were without doubt in the last instar and the small 
est in the second or third instar. Only Thiodan in the late 
and combined treatment eliminated the smallest larvae 
which presumably hatched in early September approxi 
mately 4 weeks after the last spray. No mature larvae 
were represented in the survivors of the first Thiodan 
spray. Larvae of the current season hatched over the 6 
week period from mid-July to early September and it is 
unlikely that many if any of these reached maturity by 
mid-October. The mature larvae are more likely the carry 
over from the previous season, having a 2-year life evele. 

With each material the larvae surviving late treatment 
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ABSTRACT 


The development of chemical attractants as baits for the 
Vusca domestica L 


compounds was first tested in an olfactometer. The materials 


house fly is is described. A large number of 
which proved most attractive were tested in baited traps ina 
closed room. The best of these materials were then tested in the 
field in dry, open country, and in a humid area with rich vegeta 
tion. No single compound was so active that its attractiveness 
could not be enhanced by admixture. The most attractive ma 
terial consisted of a combination, in aqueous solution, of malt 
skatole 0.02% and acetal 1% 


of this attractant solution was made into a 


extract 5%, ethyl alcohol 0.5%, 
For field use, 3SO c« 
paste with 240 ym. of fine-ground peat and 40 gm. of alfalfa 


meal 


JOURNAL OF Economic ENTOMOLOGY 


Vol. 54, No. 4 


were larger than those from early treatment but these 
differences were not striking. The survival of some late 
larvae in all treatments except late Thiodan suggests the 
desirability of applying the last spray later in the season. 

The fullest interpretation of these data requires addi- 
tional information on the rate of larval development. 

The foregoing data establish the striking effectiveness 
of Thiodan for control of the peach tree borer under New 
York conditions. Considering the severe infestation in 
volved in these tests, satisfactory commercial control 
would be expected from a single spray allowing wide 
latitude in timing. Both parathion and Guthion are suffi- 
ciently effective for continued use in the recommended 2 
spray program. These results indicate several areas de 
serving further study. Thiodan has been shown to exert 
some ovicidal effectiveness which likely involves a mode 
of action dissimilar to that of the organophosphates. It is 
also effective against established larvae suggesting its 
possible use in postharvest treatments. Interpretation of 
results of these treatments is limited by insufficient know- 
ledge of the biology of the species, specifically rate olf 


larval development. 
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Brown,? A. S. West? and A. S. Lockey 


The development of insecticide resistance in house 
flies (Musca domestica L.) has focused interest on the pos 


sible use of attractants which would operate in the vapor 


phase and bring the flies into treated baits or traps. Apart 
from the question of the attractiveness of sugar (Dethier 


1955, Acree ef al. 1959), little has been published recently 
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August 1961 BROWN ET AL.: 
on the use of attractant vapors. The present paper sum 
marizes studies on attractants performed some vears ago, 
but of sufficient topical importance to be published at this 
time. The studies were based on experiments with an 
olfactometer under laboratory conditions, experiments 
with baited traps in a small room, and experiments with 
baited traps in open country. 
OLFACTOMETER EXPERIMENTS. 
eter used was a modification of the apparatus described 
hy Wieting & Hoskins (1939). 
1-foot cube, black, glass-lined chamber into which was 


The type of olfactom 
Essentially it consisted of a 


fitted a wire cage containing some +400 flies. Two streams 
of air issued from an illuminated and heated warm-air 
chamber into the test chamber from a pair of adjacent 
ports, 15 inches in diameter, midway up one side. A peep 
hole in the side opposite allowed observation of the flies 
clustered at the ports. The streams of air were maintained 
at the rate of 3 to 4 litres per minute by a blower pump; 
air was drawn off from the floor of the chamber by aspira 
tion at a slightly higher rate. The air delivered by pump 
was washed successively in normal sulphuric acid, normal 
sodium hydroxide, and distilled water. It was then 
divided into two streams, one passing through a 125-ce. 
gas-washing bottle containing an aqueous solution of the 
volatile compound being tested, and the other passing un 
changed as the control. A three-way stopcock allowed the 
two streams to be interchanged. 

During the major part of the experiments the environ 
mental temperature was maintained at 29° C. and that of 
the air-stream at 37° C. When temperatures were 24° and 
32° C., respectively, the results were unsatisfactory, since 
almost uniformly low attractiveness ratings were re 
corded. 

The adult flies used were 1 to 3 days old, being a mix 
ture of both sexes. They were put in the olfactometer 
cage, fed on fresh milk overnight and conditioned to the 
experiment room for 2 hours before use. The best results 
were obtained in the afternoon, probably because the 
flies became hungry at that time. Between experiments 
the cage of flies was put before an electric fan, a treat 
ment which insured that they remained sensitive to odors. 
To counteract their pronounced response to moisture 
which would mask the differential between the two air 
streams, the flies were kept well-supplied with water be 
fore use. 

Counts were made of the flies at either port (the ol- 
factory or the control) at 10-second intervals, 10> such 
counts generally providing sufficient data. After each run 
the flies were removed, the apparatus flushed out with 
air, and the experiment run again with the olfactory sub 
stance coming through the other port. The sum of the 
counts at the olfactory port, calculated as the percentage 
of the total counts at both ports, gave the olfactometer 
rating. In practice this was taken as the average of thi 
ratings obtained from four runs, two on either side. Fig 
ures greater than 50 thus indicate that the material is at 
tractive, and figures under 50 indicate that it is repellent 

The selection of the concentration of the compound in 


\ guid 


ing consideration was offered by its volatility, and the 


the aqueous solution was a matter of importance. 


strength of its odor to man. Compounds that were un 
attractive in moderate concentrations often proved to be 
very attractive in minute concentrations, and similarly 
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Table 1.—Olfactometer, trap and field ratings of a group 
of substances attractant or repellent for house flies." 








OLFACTOMETER Trap FieLp 
SUBSTANGH RATING RATING RATING 
Ethyl Alcohol 80 (0.2 166 (1 $7 (0.5 
Malt extract 85 (25 100 (10 100 (10) 
Mattose 76 (10 97 (10 
Putrescine 60 (0.1 96 (0.1) 
Skatole 80 (0.05 80 (0.05 51 (0.05 
Molasses 78 (10 61 (10 
Bromoform 64 (0.001 52 (0.1 15 (0.1 
Dimethyl- 
naphthylamine 77 (0.01 EtOH 37 (0.1) IW (0.1 
Dimethyl! 
aniline 66 (0.05 36 (0.1 11 (0.1 
Indole 61 (0.005 35 (0.1 14(0.5 
Lactie acid 59 (10 33 (5 
Diethyl ethe r 71(0.1 3 | 25 (0.5 
Acetic acid 60 (0.4 27 (1) 
Amyl acetate 59 (0.001 24 (0.1) 14(0.1 
Fresh milk b+ 24 
Mesityl oxide 60 (0.001 24 (0.1 6 (0.1 
Quinaldine 68 (0.001 23. (0.05 13 (0.1 
Benzyl alcohol 66 (001 23 (1 17 (1) 
( hloroform 71 0 Ol 20 (0 l 
Ethyl mereaptan 54 (0.001 20 (0.1) 6 (0.1) 
Pyrrole 61 (0.1 18 (0.1 7 (0.1 
Olfactometer ratings cannot be compared directly with trap and field 
tin 
ntration at which substances 


Figures in parentheses indicate per cent conc 


other compounds that evoked no response in great dilu- 
tion turned out to be attractive in higher concentration. 
In practice two or more concentrations of a substance 
were tested in order to “bracket” this effect. 

Tests were run on various concentrations of approxi- 
mately 75 compounds. These substances included alco- 
hols, aldehydes and ketones, acids and phenols, esters, 
halogenated compounds, ethers and mercaptans, sugars, 
amines, nitrogenous heterocyclics, and impure substances 
such as malt extract and molasses. Results with the more 
active compounds are summarized in table 1, 

An analysis of the results shows that the highest pro- 
portion of attractants is found in the following classes: 
sugars; amines,—aromatic, heterocyclic and aliphatic; 
halogenated compounds, ethers and mercaptans; alde- 
hvdes and ketones; and the alcohols. Acids, and more 
especially the esters, are characterized by surprisingly low 
attractiveness ratings in the olfactometer. The highest 
ratings of all were recorded for natural products of mixed 
nature, especially sugary ones undergoing fermentative 
change. Indeed, attractants as a whole may be grouped 
into either the products of putrefaction (principally 
fermentation (aldehydes, ketones and 


amines) or. of 


alcohols), or of the basic carbohydrates (mono- or disac- 
charides . 

Certain observations may be made from a detailed ex 
amination of the results. Among the alcohols, only the two 
lowest in the aliphatic series were attractive, and re- 
mained so even in moderately high concentrations. This 
is opposite to the finding of Speyer (1920) that alcohols, 
as well as aliphatic acids and aldehydes, were attractive 
only when the molecular weight exceeded 30. A low rating 
for amyl alcohol stands in contrast to the findings of 
Richardson (1917) that it was very attractive in baits. Of 
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the aromatic alcohols investigated, only benzyl alcohol 
was materially attractive 

Five out of the seven aromatic aldehydes and ketones 
tested were significantly attractive, the best being aceto 
phenone and methylacetophenone; the attractiveness 
appeared only in very dilute solutions. The results for 
formaldehyde are contrary to the findings of its attrac 
tiveness by Laake et al. (1931) for the house fly in the 
field, and MeIndoo (1935 

Acids and phenols as a group were low in attractive 


for blow flies 


ness, and generally high concentrations were required for 
positive results. Both acetic acid and lactic acid proved 
to be attractive in these experiments, as in those con 
ducted by Richardson (1917 
acid, previously reported as an attractant, was not found 


; on the other hand succinic 


to be attractive im our studies. 

The esters, to our surprise, were not attractive for the 
house fly. Moderate dilutions were unattractive in’ the 
olfactometer. Further dilution decreased the apparent re 
pellency, but only in one case did it raise the olfacto 
meter rating above 50. Moreover, the results with any 
given ester were often extremely erratic. 

All the sugars studied were markedly attractive. Yeast 
fermentation of these sugars greatly increased their at 
tractiveness. It was remarkable that addition of 0.15°/ 
formaldehyde, itself unattractive in the olfactometer, to 
these sugars greatly enhanced their olfactometer rating. 
The natural compounds containing sugars included the 
two substances giving the highest ratings, namely malt 
extract and molasses. It was surprising to find that fresh 
milk, urine, and retten meat (inoculated with Escherichia 
coli) were quite unattractive, although both fermented 
milk and sour milk were decidedly attractive. 

Among the halogenated compounds investigated, 
chloroform and bromoform were notably attractive in ex 
treme dilutions, while moderate concentrations were sig 
nificantly repellent. Both diethyl ether and ethyl mercap 


Three 


musks (methylated dinitro- and trinitro-benzenes 


tan proved to be attractive types of artificial 
were 
investigated and found to be inactive, giving ratings of 
50, 50 and 51. 

The amines were found to include a number of attrac 
tants of considerable efficacy. Among the heterocyclic 
compounds, the weak attractiveness exhibited by the 
simpler pyridines is enhanced in the more complex 
quinolines, and still more so in compounds with the pyr 
role nucleus, reaching a high point in skatole (6-methyl- 
indole, CgHyN, a constituent of feces, beetroot, nectandra 
wood and coal tar). All of the nitrogenous heterocyeclics 


studied were attractive in very low concentrations 


Among the simple amines, the aromatics are consider 
ably more attractive than the aliphatics. The latter 
showed a steady rise in olfactometer rating as the chem 
from 57 in trimethylamine 
0.001%, 


ical series was ascended, 
(0.001%, 
tractiveness of the low concentrations rose that of the 


to 69 in tributvlamin , and as the at 
moderate concentrations fell. It must be remarked that 
tributylamine proved unattractive in trap experiments, 
Although the 


naphthylamines were slightly repellent, the substituted 


while trimethylamine was attractive. 
anilines were even more attractive than the corresponding 
aliphatic series, the dimethy!-substituted tertiary amine 
being the most active. 

While the ratings obtained for the most attractive ma- 
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terial are reported quantitatively in table 1, the sub 
stances found to be less attractive, inactive or repellent, 
are listed herewith: 

Slightly 
Tested (olfactometer rating 


Concentrations 


(ttractive at the 
Ethyvlalcohol, benz 


Substances 
~ =/ 
56%, 


aldehyde, acetophenone, methyl-acetophenone, anis 


aldehyde, piperitone, thymol, sucrose, lactose, yeast 


fermented sucrose, yeast-fermented lactose, acid-fer 
mented milk, methylamine, trimethylamine, ethyvlamine, 
diethylamine, tributvlamine, ethyl carbamate, ethy| 
methyl carbamate, morpholine, methylaniline, ethyvlani 
line, diethylaniline, a,a-bipyridyl, isoquinoline. 

Tested (olfacto 
Geraniol, formaldehyde, 


Substances Inactive at the Concentrations 


meter rating 55°, to 45°, 


safrole, succinic acid, fumaric acid, p-aminobenzoic aci 
p-toluenesulphonic acid, eugenol, linalyl acetate, ter 
pinyl acetate, triethanolamine, aminodiethylaniline, a 
naphthylamine, pyridine, piperidine, rotten meat. 

Re pe llent at the Concentrations Tested 
rating 15, Buty! 
alcohol, rhodinol, furfuraldelivde, citronellal, butyric acid, 


Substances 
olfactometer aleohol, amyl 
ethyl butyrate, ethyl acetoacetate, ethyl benzoate, urine. 
Room. The 40 


materials which proved to be the most attractive in the 


TRApPING EXPERIMENTS IN A SMALI 
olfactometer were then compared by trapping experi 
ments. These were conducted in a bare, concrete-walled 
room 10° by 16° by 9° high, with a window at one end 
The average temperature was 23° C, The concentration 
of attractant selected for trap experiments was for most 
tests arbitrarily set at 10 times the most attractive con 
centration in olfactometer tests. The flies employed were 
similar in age and condition as for olfactometer tests. The 
solutions to be tested were added to absorbent cotton, 50 
cc. to a 4”-square pad which was placed on white enamel! 
plates under screen traps of the cone type. [t was custo 
mary to run six traps at a time, arranged either in a 
hexagon whose diameter was 6 feet, or ini a pentagon wit! 
the sixth trap in the center. 

In order to obtain a Comparative rating for these com 


f 


Humber of 


pounds and to eliminate the variable of the 


flies in the room at any one time, 10°) malt extract solu 
tion was arbitrarily selected as a standard and was ex 
posed in each experiment. Where the traps were arranged 
in a pentagon, the malt standard was placed in the center 
and the test substances rotated at intervals of 15 to 30 
minutes. When the hexagonal arrangement was used, 
position error was overcome by making a second run with 
opposite traps interchanged 

Each experiment lasted 2 hours, at the end of which 
period the flies in each trap were anaesthetized and 
counted, The counts for any one substance were recom 
puted so that the rating of malt extract became 100 Kach 
substance was tested four times, and the average of four 
counts was taken as the trap rating 

The 14 most attractive materials are listed in table 1 
in the order of their trap rating. For comparative purposes 
their olfactometer ratings are also listed, as well as the 
ratings obtained in field trials. The latter ratings are also 
calculated on the basis of setting the results obtained with 
10°7, malt extract at 100. The concentration of the com 
pound ts indicated in parentheses 

Ethyl alcohol proved to be the best attractant in these 
experiments, being the only compound to give a trap rat 
ing higher than the 100 of malt extract. Its attractiveness 
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August 1961 BROWN ET AL.: 
has already been established by Richardson (1917) and 
by Wieting & Hoskins (1939) for the house fly, and by 
MeIndoo (1935) for blow flies. It was noted that alcohol 
compared more favorably against malt when 
the flies were fully fed, and less favorably when they were 


extract 


hungry. 

Maltose was slightly less attractive than malt extract, a 
status probably held by most sugars, and by molasses. 
The next compound, pure putrescine, was available as its 
crystalline hydrochloride and dissolved in N/100 NaOH 
to free the base; as it happened, although alkaline to 
phenolphthalein, the solution was almost odorless to the 
human, although proving to be highly attractive to flies. 
Skatole gained a high trap rating, as suggested by the ol 
factometer results, although the flies’ reaction to it was 
1916) found it to be 


quite unattractive in his field experiments on house flies. 


definitely erratic; indeed Richardson ( 


sromoform, the next compound, was found to be the vers 
best attractant for Musca by Laake et al. (1931) in field 
experiments in ‘Texas. 

Dimethyl-naphthylamine and dimethyl-aniline are two 
new attractants discovered by these experiments, both 
being methyl-substituted tertiary Indole, like 
unattractive by Richardson 
1938) to induce ovi 


amines. 
skatole, was found to be 
1917), but was reported by Hobson | 
position in the sheep blow fly. Both lactic and acetic acids 
1917 


laboratory experiments, but in the field acetic acid was 


had been found by Richardson to be attractive in 
unattractive to Musca, and lactic acid unattractive to 
Lucilia. The attractiveness of diethyl ether has not been 
reported by any previous workers. Amyl acetate is listed 
hy Ripley & Hepburn (1929 


house fly ° 


as an attractant for the 
Fresh milk was found to be only moderately attractive. 
Mesity| oxide, 
phenone represent four new attractants brought to light 


benzvl aleohol. quinaldine and aceto 
by this work. Both chloroform and ethyl mereaptan have 
already been found to be very attractive in the field by 
Laake ef al. (1931). Pyvrrole, 


and skatole, and trimethylamine, 


el mically related to indole 
a tertiary amine pres 
Methyl 


acetophenone and morpholine are two more compounds 


ent in dead fish, were found to be attractive. 


whose attractiveness re prese nts anew discovery. 

Ripley & Hepburn (1929 
large range of organic Compounds as attractants for the 
Truit fly Pte randru x 


Was as attractive as thi 


, after an extensive study of a 


i compound 


concluded that no sing 
mixtures found in the better 
natural baits. The attractiveness of the mixture of volatile 
products of fermentation is well known. This was demon 
strated in experiments with JJusca. In peat-alfalfa pellets 
the attractiveness of fermenting malt extract was two to 
three 
Malt 


other compounds in attractiveness. 


times greater than that of nonfermenting malt. 


in the early stages of fermentation exceeded all 

An experiment with six attractants was conducted in 
which the attractiveness of a compound alone was com 
pared with its attractiveness when mixed with each of 
five other compounds. The substances used were repre 
sentative of various classes of compounds, and consisted 
of: amyl acetate 0.107, acetophenone 0.05°,, dimethyl] 
‘ thy| alcohol 1;, 


following conclusions were drawn 


aniline 0.107. chloroform O.1°07 and 
lactic acid 507. The 
from the results: 

of two substances 


a. In general, the effect of a mixtur 
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upon attractiveness is additive. 

b. In each case the attractiveness of the substance 
alone was roughly double its trap rating as previously 
established. Possibly the presence of mixtures containing 
the same substance sensitized the flies and pointed the 
way to the pure substance. 

ce. Additions to a strong attractant 
aleohol did not increase its attractiveness, but actually 


such as ethyl 


decreased it relative to the pure substance alone. 

d. Chloroform was incompatible with the other com- 
pounds, almost halving their attractiveness. Likewise di- 
methyl-aniline and acetophenone were incompatible. 

Some of the best attractants are characterized by a 
high volatility and would therefore exist for a short period 
in a bait. Experiments were made on several substances 
having the property of retarding volatilization, thus 
simulating the gradual release of attractants in fermenta- 
tion. These retardants, used in 0.107 concentration, were 
tested for their effect on 0.29% ethyl alcohol exposed under 
traps. Tall oil acids and dibutyl phthalate proved suit- 
able as retardants by raising the relative attractiveness 
on the second day. Castor oil acids and acetylated castor 
oil raised the attractiveness initially but not after the 
second day. Another retardant, astratone, showed these 
same qualities when tested in peat-alfalfa pellets. 

Fistp Experiments In Dry Country.—TIn order to 
test further the results of olfactometer and baited-trap 
trials, a series of experiments was carried out in the field 
with traps baited, as in the laboratory trials, with various 
attractants. The trials were carried out in open prairie- 
like country. The only vegetation in the area was short 
grass and low herbage which at the time was dry and 
brown. The temperature on the days of the trials varied 
from 65° to 70° F, 
The days were bright and clear; wind velocity varied 


at noon and was about 40° at night. 


‘rom 5 to 10 miles per hour and the relative humidity was 
about Q5% 
The attractant 


cotton on white enamel plates and placed under conical 


solutions were added to absorbent 
fly traps as described for the laboratory trap experiments. 
Phe original plan was to place these baited traps in cir 
cular layouts at 50 and 100 yards from a central point at 
which the flies were liberated. After it was found that the 
greatest catches were obtained in the traps located down- 
wind from the point of liberation, regardless of the type 
of bait they contained, all traps were positioned down- 
wind, 

Traps were set out on an are 100 yards downwind from 
the central point and were placed in three rows, on a 
frontage of 75 vards, each row 5 vards beyond the pre- 
ceding, with 16 traps in each row or a total of 48 traps to 
a trial. Fight attractants were compared in a trial, and 
each attractant was represented by six traps arranged in 
a random manner. 

Any permanent change of wind direction during the 


trial was corrected for by moving the traps. The flies 


were liberated in the morning and the catch of flies in the 
traps was counted the next morning. 

The 14 substances which gave the highest ratings in 
olfactometer and laboratory-trap trials were tested in 
this manner and rated against 10°7, malt extract taken as 
a standard of 100. Each substance was tested in five trials 
on different days. The results are given in table 1. 

It will be noted that the rankings obtained by the 
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Table 2.—Degree of attractancy of five combination baits 
for Musca and Drosophila." 





ATTRACTANT AND Musca DRosopHILa 
Per CENT of 
SUBSTANCES 


Usep 


No. of 


Rating Flies 


No. of 
Flies Rating 
Malt, 5 

Ethyl alcohol, 0.5 182 100 257 100 
Skatole, 0.02 


Malt, 5 
Ethyl alcohol, 
Skatole, 0.02 340 187 
Acetaldehyde, 1 

Acetal, 1 


063 tit 


Malt, 5 
Ethyl alcohol, 
Skatole, 0.02 44 134 606 236 
Acetaldehyde, l 

Diacetyl, l 


Malt, 5 
Ethyl alcohol, 
Saktole, 0.02 
Acetal, 1 


300 028 TSO 


or 
_ 


Malt, 5 

Ethyl alcohol, 5 140 7% 
Skatole, 0.02 

Diacetyl, 1 


208 170) 





* Summary of 18 observations over a period of 3 « s. Ratings « 


the basis of malt-aleohol-skatole taken as 100 


three methods are essentially similar. It is also apparent 
that the field trap experiments show much greater differ 
ence in attractiveness than the other two methods. The 
volatility of substances in the open probably accounts for 
these differences. If reliance is placed mainly on the field 
trials, then malt extract and ethyl alcohol must be re 
garded as far superior to the other substances tested. On 
the basis of the laboratory trap results, skatole takes its 
place alongside these two powerful attractants. On the 
basis of olfactometer results alone, five or six of the sub 
stances will be included as almost equally attractive. 
From the three sets of data it may be concluded that malt 
extract, alcohol and skatole, in the order named, are the 
most attractive of the substances tested for these flies. 
In the dry prairie-like region where the trials were 
carried out, no native house fly population was present, 
and the house flies which were attracted to the baits were 
those which had been liberated. At the same time certain 
wild flies were attracted to the baits. These were counted 
and gave some incidental data on the attractiveness of 
the substances tested. The native flies included repre 
sentatives of Phormia, Sarcophaga and Calliphora spp. as 
well as some anthomyiids. The preference of all four 
groups appears to be very similar to that of Musca, with 
the exception of the Anthomyiidae, which show a predi 
lection for skatole and to a lesser degree for indole. As 
these were primarily dung flies, this is to be expected 
Fintp Experiments Ix A Humip Recion.— In connec 
tion with the development of an attractant for Drosophila 
flies (West 1961), tested which 
had not been previously tried with house flies. The sub- 
stances which proved highly attractive to Drosophila 


several substances were 
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were acetal, diacetyl, and acetaldehyde. A series of five 
baits was mixed in which these substances were added in 
various combinations to the malt-alecohol-skatole attrac- 
tant as indicated in table 2. For field use the attractants 
were made into a paste with fine-ground peat and alfalfa 


meal in the following proportions: 


attractant solution 380 ce. 
fine-ground peat 240 gr 
alfalfa meal LO gr. 


Traps baited with these mixed baits were set out in 
groups of five, one trap with each bait, at 12 stations 50 to 
120 vards in several directions from the point of release of 
50,000 laboratory-reared house flies. The test area was a 
sandy plot interspersed with small ponds and swamps’ 
The vegetation of grass, rushes and shrubs was luxuriant 
and there was much decaying vegetable material in the 
During the test, day tem- 
the humidity was 


swamps and shallow ponds. 
peratures ranged from 60° to 75° F., 
high, wind 2 to 12 miles per hour and the sky clear. 
Counts of the number of flies trapped by each bait were 
made some 18 times during a period of 3 days. The totals 
of these counts are shown in table 2. It is recognized that 
the “fly factor” of Barnhart & Chadwick (1953 
have influenced the absolute numbers of flies trapped. 

It is apparent that the addition of 1°% acetal signifi- 
cantly increases the attractiveness of the malt-alcohol- 


may 


skatole mixture to the house fly. This combination thus 
hecomes the most attractive material yet discovered for 
Vusca, as indeed it is for Drosophila (West 1961 
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Lindane in Eggs and Chicken Tissues' 


GrorGce W. WarE and Epwarp C. NABER? 


ABSTRACT 


Caged laying hens were fed 0.01, 0.10, 1.0 and 10.0 p.p.m. of 
lindane in their daily ration for 60 days. Up to 10 p.p.m. lindane 
appears to be well tolerated by hens and does not interfere with 
egg production, feed intake or utilization and weight main- 
tenance. Lindane was not detected by Schechter-Hornstein 
chemical analysis at any time in eggs or tissues of birds fed 0.01 
p.p.m.; however it was detected in the other levels. Lindane was 
concentrated in the yolk, none being found in the albumen. 
Sixty days after termination of feeding lindane, it was found in 
trace quantities in eggs from the 10-p.p.m. diet, but not in tis- 
sues. Skin and visceral fats are the chief storage sites with some 


appearing in brain tissues and feces at the 10-p.p.m. dosage. 


Alfalfa meal is commonly incorporated into chicken 
feeds in amounts varying from 2% to 5%, depending on 
its usage. Laying mashes usually contain the higher levels 
of alfalfa meal for its carotinoid-transferring quality 
which imparts the desirable yellow pigment to egg yolks. 

A label for use on alfalfa and clover, to be used at the 
rate of 0.2 pound actual per acre, has been recently 
granted for lindane, 999% gamma isomer of 1,2,3,4,5,6- 
hexachlorocyclohexane (BHC) (Anon. 1960). 

There is a possibility that lindane-treated alfalfa may 
be used in the manufacture of alfalfa meal which could be 
used in the formulation of poultry feeds. There also exists 
the possibility that lindane may be applied improperly 
with regard to timing or amount. 

Crude BHC is known to impart a flavor to chicken 
meat and eggs through feeding (Hixon & Muma 1947, 
Milne 1953, Black et al. 1950), painting or spraying the 
roosts (Miller et al. 1948, Harwood 1948, Furman & 
Bankowski 1949), and spraying the birds and chicken 
houses (Hixon & Muma 1947). Thus, BHC is known to 
contaminate the flesh and eggs of treated or exposed hens 
by ingestion and skin absorption. 

Lindane dusts, 0.507 and 1.007, employed for control of 
the northern fowl mite (Orithonyssus sylviarum (Canes- 
trini & Fanzago)), were found to stunt growth and pro- 
duce some mortality in young chicks (Furman 1952). 
However, lindane fed to mature leghorns at 2, 4, and 10 
p.p.m. for 8 months showed no toxic symptoms or histo- 
logical effects on visceral tissues (Chen & Liang 1956). 
Miiller (1952) observed that l-gram doses of crude BHC 
(12.5°7 gamma) had strong toxic effects on chicks 31 days 
old, but 0.5-gram doses or less had no toxie effeets within 
10 days. Black et al. (1950) fed laying hens crude BHC in 
amounts from 8 to 8+ p.p.m. for periods up to 63 months 
with no ill effects to the chickens. 

Godfrey et al. (1953) found no effects on egg production 
of New livability of 
sprayed with 0.54; 


Hampshire pullets or buildings 
lindane emulsion at average daily 
high temperatures of 92.9 KF. 

Lindane is still recommended for the control of chicken 
lice and chicken mites in many States by spraying 0.5°% 
to 1.007 emulsions on nests, roosts, drop boards and walls, 
under the conditions that chickens be removed while 
spraying, and returned after sprays have dried. 

It was the purpose of this experiment to determine (1 


at what feeding level lindane is detectable in eggs and tis- 
sues of laying hens, (2) how soon after feeding initiation 
lindane appears in the eggs, (3) the concentration of lin- 
dane in eggs and tissues at different feeding levels, and 
(4) how long lindane jis detectable in the eggs after 
termination of lindane in the diet. 

EXPERIMENTAL Frrpina._-Egg production-type lay- 
ing hens house in individual cages were fed a complete 
breeder ration, water and oyster shell ad libitum. At 12 
months of age, 30 hens were selected for high egg produc- 
tion and allotted to 5 groups of 6 hens each. One group of 
hens was maintained on the complete breeder ration 
while the other four groups were fed this same ration 
modified by the addition of 0.01, 0.1, 1.0 and 10.0 p.p.m. 
of lindane.* The hens were fed these experimental rations, 
water and oyster shell ad libitum, for two 30-day periods. 
Fresh experimental ration was prepared at the outset of 
each 30-day period. 

Records of egg production, feed consumption, body 
weight and mortality were obtained. Individual eggs 
were identified with the producing hen and were held for 
analysis. In addition, a fecal sample from each group was 
obtained for analysis after 28 days of lindane feeding. 
After 60 days on the experimental rations, two hens from 
each group were slaughtered and stored in frozen condi- 
tion for lindane analysis"of their tissues. The remaining 
hens in each of the four groups receiving lindane were 
placed back on the complete breeder ration without 
lindane. Fifty-six days after returning the hens to the 
control diet, two additional hens were slaughtered from 
each of the groups that had previously received 0.1, 1.0 or 
10.0 p.p.m. of lindane. Brain, liver, visceral fat and skin 
fat samples were taken for analysis. 

CremicaL ANALYSES. The Schechter-Hornstein total 
BHC method (1952), modified by Wylegala et al. (1956) 
and Ware & Gilmore (1959), was used to determine the 
amounts of lindane in eggs and chicken tissues. Only the 
yolks of eggs were extracted since no lindane was found in 
the albumen at any time. For extraction, two eggs of the 
same feeding level and same laying day were boiled for 15 
minutes. After cooling the following determinations were 
made: Whole weight, whole weight less shells, and weight 
of the yolks alone. The two yolks were placed in a stainless 
steel Waring Blendor with 100 ml. of glass-distilled 
methylene chloride, minced for 2 minutes at 90 volts, and 
filtered. The insoluble fraction was washed and stirred 
four times in the filter with 25-ml. volumes of methylene 
The filtrate were combined, the 
volume of solvent reduced on a Vigreux column, and 125 
ml. of glacial acetic acid was added. Further distillation 


chloride. rinses and 


removed 50 ml. of acid. After exhausting the apparatus 
with COs and allowing the extracts to cool, zine dust and 
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Table 1.—Presence of lindane in eggs and tissues from 
chickens fed known amounts of lindane. 
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Table 2.—Effect of lindane on reproductive performance 
of laying hens during a 60-day feeding period. 





LINDANE IN DatLy Dier (p.p.m 
Days or Ferepina 0.01 0.10 1.00 10.00 


Lindane in Egg Yolks (p.p.m 


l D 0.00 
2 0.05 
3 0.00 0.12 
t trace 0.36 
5 0.05 

6 1.14 
7 0.10 

bad 0.00 1.65 
9 0.11 

10 0.00 0.04 2. 26 
11 0.11 0.20 

]2 0.00 ? 56 
13 trace 0.26 2.33 
14 0.00 0.06 2.79 
5 0.07 0.23 3.67 
16 0.08 0.22 > 73 
7 trace 0.33 3.53 
18 0.07 0.30 51 
19 0.00 trace 0.26 3.07 
21 0.11 0.23 3.06 
23 0.00 trace 3.94 
25 0.00 0.07 t.16 
27 0.00 0.12 0.38 $48 
29 0.00 0.06 0.32 $3.92 
31 0.10 0.45 +.29 
33 0.00 0.12 0.43 +. 48 
36 0.00 0.18 0.33 t.18 
39 0.00 0.08 0.28 t.30 
15 0.00 0.07 0.35 tt 
54 0.00 0.10 0.34 8.81 
60! 0.00 0.26 0.46 £96 


Lindane p.p.m.) im Tissues after 60 Days of Feeding 


60 

Brain 0.00 O.00 0.00 0.50 
60 

Visceral fat 0.00 trace 1.20 20.95 
60 

Skin fat 0.00 trace 1.15 19.80 


Lindane p.p.m.) in Eqq Volks after Termination in Diet 


3 0.00 0.17 0.48 +96 
7 0.00 0.32 3.58 
i. trace 

li Lov 
12 O41 

14 1.79 
19 :. 6 
20) 0.07 

23 0.07 1.11 
I4 0.09 

25 0.00 

HO 0.32 
+7 0.08 
5l trace 0.07 
53 0.08 





® Dashes indicate no analyses made 


” Feeding of lindane discontinued 


malonic acid were added and the extracts carried through 
the analysis. 

AnatytTicaL Resuits.At no time was lindane de 
tectable in the eggs from hens fed the lowest level of 0.01 
p.p.m. However, it was readily detectable in eggs from 
the 0.1, 1.0 and 10.0 p.p.m. diets and in the fat at the two 
highest feeding levels after 60 days (table 1). Sixty days 





LINDANI Per Cent Eaa Ava. Gain IN Freep 
LEVEI PRODUCTION Bopy CONVERSION 
IN Diet HEN-DAY Wericur/ Hen LB. FEED 
P.P.M BASIS G DOZEN FGGS 
None 69.4 + 55 £07 
0.01 69.9 r 90 tO] 
0.1 68.6 t+ 132 $.29 
1.0 69.4 { he 1D 
10.0 71.3 + $7 £.02 

* Data from 5 of 6 hens on this diet 


following the termination of feeding lindane in the diet, a 
trace of lindane was detectable in the eggs of birds on the 
10.0 p.p.m. diet, but none was found in the brain or in 
their body fat 56 day s after the feeding of lindane was dis 
continued, 

Liver, brain, depot and skin fat were extracted by mine 
ing with methylene chloride, however interfering sub 
stances were found in all livers indicating presence of ring 
compounds not of lindane origin. 

Lindane or a ring compound was detectable in the fresh 
feces of hens on the 10.0 p.p.m diet, but not detectable 
in the check or in other levels of teeding. That found in 
the feces after 28 days of lindane feeding was equivalent 
to 0.05 p.p.m. based on the wet weight of feces. Many of 
the analytical data are presented in table 1. 

Errects on Test Cuickens.- It is apparent from the 
results shown in table 2 that lindane had no effect on re 
productive performance of the laying hen. Egg production 
and the amount of feed required to produce 1 dozen eggs 
remained quite constant for all groups. While gains in 
body weight were variable there is no indication that 
lindane feeding influenced gain during the 60-day feeding 
period. None of the hens died during the experiment. One 
bird on the 1.0 p.p-m. lindane diet ceased production 
after 2 weeks of lindane feeding, remained out of produc 
tion and declined in body weight throughout the expert 
ment. The other five birds on the same diet showed a nor 
mal pattern of reproduction and their performance is 
given in table 2. Because the hens fed 10.0 p.p.m. of 
lindane also showed normal reproductive performance, it 
is believed that lindane was not re sponsible for the poor 
performance of the hen on the 1.0 p.-p.m. level. Thus 
lindane up to 10.0 p.p.m. of diet appears to be well toler 
ated by the laving hen and does not interfere with egg pro 
duction, feed intake or utilization and maintenance of 


body weight. 
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Chemical Attractants for 
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ABSTRACY 


Phe development of chemical attractants as baits for Dr 


»phila species is described. A large series of compounds was first 


tested by means of vial traps in closed containers. The more 
promising compounds and mixtures were tested by exposure in 
bottle traps in a « lesed room. These room tests demonstrated 
that mixtures were more effective than any one compound, A 
se lection of the bie st compe unds and mixtures was vivell fie ld 
The most 
nsisted of malt extract 5%, ethyl 

and acetal 1%. In field trials, 380 


ce. of the attractant solution was mixed with 240 grams of fine ly 


tests in-a humid region with abundant vegetation 


CTICCTIVE 


alcohol 0.5%, 


mixture found c« 


skatole 0.02% 


ground peat and 40 grams of alfalfa meal to form a paste 


It is a matter of Common observation that Drosophila 
vinegar flies are attracted by fermenting fruit odors. In 
field studies on distribution a common procedure is to 
place crushed banana, melon or other fruit in a trap to be 
exposed in a suitable location. The studies reported herein 
were conducted some years ago and were undertaken 
as a sideline in conjunction with studies on at 
Vusca domestica L. (Brown et al. 


originally 
tractants for house flies, 
1961). In view of the relatively little published material 
on the use of attractant vapors for purposes of trapping 
Drosophila, and the possible application in field studies, 
these results are considered of sufficient topical interest 
to be published at this time 

Three species of Drosophila, namely D. melanogaster 
Meigen, D. virilis 


were used. A majority of the experiments was done with 


Sturt., and D. pseudoobscura Frolowa 


the first-named species. Because of the variety of habits 
of Drosophila species, a considerable specific variation im 
chemotropic response might be expected. 

In the earliest study of the ch motropic responses ol 
Drosophila, Barrows (1907 
tively chemotropic to amyl and ethyl alcohol, acetic and 


found that flies were posi 


lactic acids and acetic ether. Addition of small amounts of 
acetic ether, isobutyl acetate and methyl acetate to L0G 
ethyl alcohol greatly increased its attractiveness. All 


these organic substances are found in fermenting fruits. 
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Adult Drosophila Species! 


University, Kingston, Ontario 


Later, Reed (1988) found that flies responded to a certain 
range of concentrations of solutions and that stronger 
concentrations became repellents. Tests also showed that 
larger flies and female flies exhibited a greater degree of 
response than smaller flies and males. Lowering temper- 
ature decreased rate of movement and excessive moisture 
was a repellent. 

In an investigation of a long list of compounds, Hutner 
et al. (1937) 
be highly attractive, particularly diacetyl, acetyl methyl 
carbinol, acetaldehyde and indole. Mixtures of attractant 


found a number of additional substances to 


compounds were not greatly inferior to natural baits. In- 
dole, acetaldehyde, and acetyl methyl carbinol formed an 
effective mixture. 

In the present work no attempt was made to conduct 
an exhaustive study. Since field trials with house flies and 
vinegar flies were planned concurrently, an attempt was 
made to combine in one bait attractants for both species. 
Studies on attractants for house flies have been reported 
by Brown ef al. (1961). The attractiveness of various com- 
pounds and mixtures for Drosophila was investigated by 
means of an olfactometer, by a vial trap in a closed con- 
tainer, by trapping flies released in a room and in field 
experiments. 

OuractoMeTeR ‘TRIALS.-The olfactometer used in 
this work was the one used for studies of house fly at- 
tractants reported by Brown et al. (1961). Results were 
somewhat erratic and considerable difficulty was experi- 
enced in handling Drosophila stock for these trials. These 
difficulties, coupled with the apparent need of some modi- 
fication of the apparatus to adapt it to Drosophila, re- 
sulted in a decision to use other methods. A few of the re- 
sults from preliminary olfactometer experiments which 
were of subsequent value are indicated below. 

Liquid malt extract (259%) was highly attractive for 
Dd. melanogaster, D. virilis and D. pseudoobscura : 10% 
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Table 1.—Per cent of D. melanogaster trapped in 12 hours 
after 7, 12 and 21 hours of starvation." 





Per Cent or Furs Trappep AFrer 
Liquip Matt Hours OF STARVATION SHOWN 


ATTRACTANT 


(% 7 12 21 
100 37 76 
50 35 52 &S 
25 1S 60 93 
10 22 6 52 

5 25 59 





* Vial traps in closed containers 


malt was nearly as effective. 59% malt was fairly attrac- 
tive for D. virilis only. Ethyl alcohol (1%) 


ately attractive for D. melanogaster and D. pseudoobscura; 


was moder- 


0.019% diacetyl was moderately attractive for D. virilis 
and D. pseudoobscura; 0.001% diacetyl was somewhat 
less attractive, and 0.19% definitely less attractive. Acet- 
aldehyde (0.01% 
0.001% 
moderately attractive for D. virilis, 


was highly attractive for D. virilis and 
somewhat less attractive; 0.0197, indole was 
while 0.001% re- 
sulted in an almost negative response and 0.1°, was defi- 
nitely repellent. 

ViaL Traps 1x CLosep Containers.—A number of 
substances were tested in an apparatus based on that 
used by Reed (1938) in her study of olfactory reactions. 
One ml. of the substance to be tested was placed in a 
glass funnel trap. This trap consisted of an 8022 mm. 
cylinder with funnel top extending 18 mm. into the cylin 
der, tapering to a 4-mm. opening. The trap was cemented 
on the bottom of a metal can 8} inches high and 7 inches 
in diameter. To insure adequate moisture, a small petri 
dish containing 15 ml. of sterile distilled water and a 
crumpled piece of paper toweling were also placed in the 
can. 

Flies to be tested were contained in 250-ml. Erlen 
meyer flasks. A flask was placed in the can, the cotton 
plug removed and the cover quickly slipped on the can. 
By means of a stoppered hole in the cover the flies could 
be anesthetized at the end of a trial. 

As a general practice flies were removed from rearing 
bottles early in the morning and placed in half-liter flasks 
with moist paper toweling. Late in the day the flies were 
counted into lots of 100 and placed in dry 250-ml. flasks. 
Tests were set up at 9:00 p.m. and allowed to run for a 
period of 12 hours. Results were expressed as the per 
centage of flies trapped. 

Reed (1938) found that it was necessary to starve flies 
for approximately 12 hours before reactions free from the 
conditioning of the rearing medium could be obtained. 
The importance of conditioning has been demonstrated 
by Thorpe (1939) who showed that Drosophila are nor 
mally repelled by peppermint odor, yet when larvae are 
reared on a medium containing 0.59% peppermint essence 
the adults are markedly attracted by this substance. 

Considerable variation was found in replicate tests. 
These variations may have been due in part to size differ 
ences, age differences and variations in sex proportion in 
lots of 100 flies. 

The effect of length of starvation on olfactory response 
was demonstrated in a comparison experiment, using D. 
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melanogaster with fermenting cornmeal-tomato rearing 
medium as an attractant. After 7 hours’ starvation 35% 
of the flies were trapped in 12 hours, while after 24 hours’ 
starvation 729% of the flies were trapped in a similar 
period. Data presented in table 1 show the effect of dura- 
tion of starvation for a series of trials of D. melanogaster 
with various concentrations of liquid malt extract. 

A number of trials were run with D. melanogaster, 
using substances suggested by the literature or by previ- 
ous studies with Musca domestica. Mixtures of various 
concentrations of malt and ethyl alcohol were generally 
less attractive than malt alone. The best result for a mix- 
trapped with a combination of 34% 
liquid malt and 3°% ethyl alcohol. Ethyl! alcohol alone was 


ture was 60% 


low in attractiveness (120% trapped on 10% alcohol). 
Skatole (G-methylindole, CgHyN, a constituent of feces, 
(beetroot, nectandrawood, and coal tar) alone gave the 
best results (2807 trapped) at a concentration of 0.005% 
Various combinations of malt extract ethyl aleohol and 
skatole were tried. The greatest reaction (65°7) was ob 
tained from a mixture of 43°7 malt, 3°7 alcohol, and 
0.00507 skatole. Indole alone was unattractive in concen 
trations of 0.01 and 0.00107. The best result for diacety! 
(289) trapped) was obtained with a concentration of 1°. 
With 0.019% diacetyl, however, 23°7 were trapped. 
Best results for a combination of diacetyl and indole 
were obtained from a mixture of 0.0507 solution of each 
substance; 31%, of the flies were trapped. Acetaldehyde 
alone, combinations of acetaldehyde and indole, and acet 
aldehyde, indole and diacetyl were low in attractiveness. 
Addition of diacetyl and, or indole to a malt-aleohol 
mixture produced a highly attractive combination as indi 
cated in table 2. 
and 0.010% 


respectively. The same 


Amyl acetate in. concentrations of 0.1% 
gave ratings of 23°) and 25° , 
concentrations of butyl acetate gave ratings of 82°7, and 


ethyl acetate had a rating of 25° 


for these concentra 
tions: 0.01 7, acetal had a rating of 2707. 
Diphenylmethane was unattractive. Trimethylamine 
in a concentration of 0.01% had a rating of 27. Benzal 
dehyde, 0.001%, 


unattractive while sour milk trapped 280%. Responses to 


trapped 20°7. Urine was relatively 
methylamine, dimethylamine, and ethylamine were vers 


low. 


Table 2.—Per cent of flies trapped on mixtures of liquid 
malt, ethyl alcohol, diacetyl and indole. 





AVERAGE Perr 


CONCENTRATION Cent oF FLIES 
( 


ATTRACTANT ‘ TRAPPED 
Liquid malt 30 

Ethyl alcoho! ? 67 
Diacetyl 4 

Liquid malt tl 

Kthyl alcohol 3 77 
Indole 0.02 

Liquid malt 25 

Ethyl alcohol 7 70 
Diacety] O.3 

Indole 0.02 





* Vial traps in closed containers 
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For most of the above-mentioned substances three 
concentrations were tested and in most cases the range of 
attractiveness was bracketed. The foregoing method can 
be used for D. melanogaster and D. pseudoobscura but 
does not work with D. virilis. The latter species does not 
respond to odors in the absence of light. Use of a trans- 
parent container would permit the study of D. virilis in 
this manner. 

Trappinc Fiuies Reveasep in A Room. 
trapping experiments windows were shuttered and arti- 
ficial light used in order to obtain uniformity and to run 


For room 


tests during the night. 
square and 12 feet in height with a dome light was used. 
Traps consisted of }-pint milk bottles closed by paper 


A room approximately 12 feet 


funnels with a 4-mm. opening. Ten ml. of the substance 
to be tested was placed in the bottle. Sixteen traps were 
disposed in four rows centered under the light. ‘Traps 
were spaced at 2-foot intervals. Four traps were used for 
each of three test attractants and a standard. The ar- 
rangement of traps is indicated in the following diagram: 


2a la ka 3a 
th Sb hy Ib 
le be se % 
3d 2d ld td 


Traps of the No. 1 series were used for the standard. 
Test attractants were placed in traps of series 2, 3 and 4. 
The catch in each trap was tallied separately with refer- 
ence to position. 

Compounds tested for attractiveness were rated in com- 
parison with a standard which was taken as 100; the 
ratings thus attained have no absolute value, since they 
are arrived at independent of the number of flies in the 
room. The standard itself must have an absolute value 
sufficiently high to be significant and yet sufficiently low 
so there will be a significant range of ratings among the 
substances tested. Thus, the use of a natural bait stand- 
ard of very high attractancy is inadvisable. A series of 
trials established that a standard of 5°), or 10°, malt ex 
tract was satisfactory. 

In order to expedite the work, it was customary to run 
one set of trials during the day and a second set during 
the night. Day trials were of about 10 hours’ duration and 
night trials of about 12 hours. Since fresh flies were added 
only in the morning, !t is probable that conditioning dur 
ing the day influenced reaction during the night. Ap- 
proximately 500 flies of the species being tested were re 
leased in the room each morning. The room was aired and 
cleaned of old flies periodically. 

The results of a series of trials using 10°% liquid malt as 
a standard are given in table 3. The three compounds or 
mixtures used in each trial are grouped, as inspection will 
show that the ratings obtained are influenced by the par 
ticular combination of substances being tested in any one 
trial. For example, 10% diacetyl has a very low rating 


when tested with a glucose broth culture of erobacter 


aerogenes and 5°% diacetyl, but has a significantly higher 
rating, particularly for D. pseudoobscura, when tested 
with acetaldehyde and indole. In addition to the com 
pounds listed in table 3 other substances, which in no 
run gave a rating higher than 8, were tested. These in- 
cluded acetic acid, amyl! acetate, ethyl acetate, cyclo 
hexane, benzaldehyde and diphenylmethane. 
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Table 3.—Rating of attractants as compared with 10% 
malt equal to 100.* 





RatTINGs 


CONCEN- — 
TRATION melano- pseudo- 
ATTRACTANT (%) gaster virilis obscura 
Liquid malt 25 212 525 80 
Liquid malt 50 763 2, 220 2,060 
Liquid malt 75 1,840 3,200 3,520 
Diacety] l 7 3 t 
Diacetyl 5 l l 3 
\erogenes culture 34 13 100 
Diacetyl l 23 27 114 
Acetaldehyde l 7 0 171 
Indole I $ 1 t 
I Jiacety l 0.1 23 14 29 
10 30 
Acetaldehyde l 24 2 158 
19 Ss 583 
Indole l 10 } 246 
2 6 
Skatole 0.005 l 5 0 
Skatole 05 2 5 3 
Trimethylamine l 2 18 1 
Acetaldehyde 0.1 9 t 104 
Indole l t l 12 
Trimethylamine I 0 l 0 
Methyl acetate 0.1 0 2 7 
Methyl acetate l I 17 35 
Butyl acetate I 0 0 6 
Butyl acetate l 0 0 67 
Acetal ] l 2 67 
Acetal l 2 1 1,450 
Acetaldehyde 0.01 t 2 60 
Acetaldehyde l 17 1 200 
Acetal l 10 2 220 
Methyl acetate l 5 2 38 
Trimethylamine 01 0 l 5 
Urine l 0 14 
Musca bait 
+diacetyl l 66 38 
Vusca bait 
t diacetyl l 15 38 
Viusca bait 
t acetaldehyde l 100 6 





* Grouping indicates three compounds tested together with 10% malt. Flies 
trapped after release in a room 

> Musca bait is composed of liquid malt 5%, ethyl alcohol 0.5% and skatole 
O.02°, 


Of particular interest is the high rating for D. pseudo- 
obscura of a number of substances which gave low ratings 
for D. melanogaster and D. virilis. This species difference is 
probably associated with habit differences. Tests with D. 
pseudoobscura were of necessity discontinued because of 
loss of the breeding stock. It was apparent, however, that 
of the three species D. pseudoobscura showed the greatest 
degree of response and D. viriiis the least. 

A further series of tests was run with 5% liquid malt as 
a standard. A variety of combinations of acetal, acetalde- 
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Table 4.—Attractiveness ratings for modified Musca Table 5.—-Degree of attractiveness of five combination 
baits." baits for Drosophila melanogaster. 
D. melanogaster D. ririlis APTRACTANT No. or Fires RATING 
No Average No Average 
ATTRACTANT Tests Rating Pests Rating Vusca bait: 
TER? am P 5 0 liquid malt a 
+1% diacetyl 83 6 rv 0.5% ethyl alcohol 3357 100 
+0.1% diacetyl | 4 2 6 0.02% skatole 
+1% acetaldehyde l 158 , 23 
+0.1% acetaldehyde 5 185 6 5 
+1°%, aceta . 40) t 79 Visca bait 
+0.1°% acetaldehyde + 1°; 0.1% acetaldelivde 1.068 tit 
acetal Ss 4 S 8 1¢ tal i 
+1% diacety!l+0.1°% acetal O'Seete 
dehyde s 25 Ss ( 
+1°%% diacety]+1°) acetal s 217 8 6 Musca bait+ 
+1% diacety1+-0.1% acetal ( ea J gs sae 
iM acwpr” Flay 5 fai - se 0. I o acetaldehyde 606 36 
+-0.1°, indole 58 17 1% dine ety! 
+0.01°% indole 2 73 ? 104 
+0.1°% acetaldehyde +1 - 
acetal +0,02% indole Mus a bait+ 2,025 So 
+1°% diacety]+0.1°% acetal 1% acetal 
dehyde +0.02 % indole 1 f I | 
+1 diacety]+1°% acetal jn 
+-0.02% indole l t l 0 Musca bait + 1,208 170 
1% diacetyl 
® Standard: 5% liquid malt =100. Klies trapped afte elease in a roon 
Sumn of 18 obse t 12 stat s over a 3-day period leulated 
b V bait s 100. I j 1; 


Vusca attractant 
results are 


hyde, diacetyl, and indole added to the 
(malt-aleohol-skatole The 
marized in table 4. From the results given in tables 3 and 


was tried, sum 
t it is apparent that a modified Musca bait is as good an 
attractant as any compound tested with the exception of 
higher concentrations of liquid malt. A combination of 
Musca bait plus 1% acetal and 0.10% acetaldehyde was 
selected for initial field tests. 

Fietp ExpertMents.—A series of field trials was con 
ducted in a warm, humid environment. The areas used 
supported fairly dense tree and shrub growth interspersed 
with For field use the attractant was mixed 
with finely ground peat and alfalfa flour in the propor 
tion of 380 ml. of attractant to 240 gm. peat and 40 gm. 
alfalfa meal, and set out in masses on pie plates or boards. 


swamps. 


Some concentration of baits was apparently necessary 
in order to attract Drosophila in the field. When three 
bait masses (ca 280 gm. inert material plus 380 ml. of at 
tractant per mass) were disposed at 100 vard intervals on 
a checkerboard very few flies were attracted even though 
similarly disposed traps containing naturally fermenting 
material attracted numbers of flies. However, when eight 
batt 


circle of 25 yards radius or concentrated in a 5-vard 


masses were distributed on the circumference of a 


circle, or when 25 masses were disposed in a 100-vard 
square, large numbers of flies, both released and native 
populations,* were attracted for a period of at least 2 to 4 
days and a few flies visited the bait masses for as long as 
12 days. Environmental conditions materially influenced 
results of each trial. 

In order to test the several mixtures which had proven 
attractive in the laboratory, as well as to find out how 
effective the Drosophila bait was for Musca, a comparison 
experiment was run. At each of 12 stations from 50 to 125 
yards from a release point five types of attractant mix 
tures were exposed. The individual bait masses were 
placed 1 yard apart in a constant position with reference 
to the release point. Both house flies (50,000) and Dro 
sophila melanogaster (64,000) were released and a series of 
18 observations made over a period of 3 days. 

During the course of this experiment the morning tem 
peratures were 61° to 63° F. and the evening temperatures 





70° to 72 


wind direction shifted considerably. The sky was clear 


KF. Wind speeds were from 0 to 12 m.p.h. and 


during the course of the experiment. The numbers of flies 
visiting the baits were greatest during the morning and 
evening peaks of activity characteristic of Drosophila in 
the field. The results are summarized in table 5. The 
standard Musca bait was taken as 100 and other combi- 
nations rated on this basis. 

The ratings given in table 5 are based on a summary of 
18 observations at 12 stations over a period of 3 days. 
This summarization is justified since calculations showed 
that essentially bait 
tained on a basis of the 18 observations at any one station 


the same ratings for a were ob 
or on a basis of a single observation of all 12 stations. In a 
few instances such breakdowns of the data indicated that 
a greater number of flies had visited the bait to which 1% 
diacetyl] had been added. However, the addition of 1% 
acetal clearly improved the bait for both J. domestica 
and D. melanogaster 

A large number of D. virilis was also released for this 
experiment but so few were attracted to baits as to make 
impractical any calculations of attractiveness ratings.‘ 
In all field experiments there was little success in attract- 
ing D. virilis to either natural or artificial baits. For ex- 
ample, in one experiment where at an observation 2° 7 of 
the released D. melanogaster were observed visiting the 
baits only 0.2°7 of the released D. ririlis were recorded at 
the same time. Specific differences in olfactory responses 
among Drosophila species have been referred to earlier in 
this paper. 
An attractant composed of 5% 
malt extract, 0.5% ethyl alcohol, 0.020% skatole and 1% 
acetal has proven to be satisfactorily effective both in the 
laboratory and in the field. In the laboratory this mixture 
was made more effective by the addition of 0.19% acet- 
aldelivde. In the field, probably because of the extreme 
volatility of the compound, the acetaldehyde was of no 
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value. Diacetyl may be substituted for acetal but is some- 


what less effective. 

This attractant is better than any single compound 
tested other than higher concentrations of malt extract. 
It is probable that the low concentration of aleohol adds 
nothing to the bait, but the alcohol is useful as a solvent 
for skatole. This attractant has proven most effective for 
both Drosophila Vusca 
(Brown et al. 1961). 


melanogaster and domestica 
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The Oak Skeletonizer, Bucculatrix ainsliella, in a Michigan Woodlot! 


Cuarves F. Gipspons? and James W. Burcuer 


ABSTRACT 


The life eve le of the oak skeletonizer, Bucculatrix ainsliella 
Murtfeldt, under Lower Michigan conditions is described. The 
larvae of this insect first mine and then skeletonize the leaves 
of red oak Quercus rubra L. Two generations were observed in 
both 1959 and 1960. The initiation, duration and termination of 
mining and skeletoniz 


pupation, adult emergence, oviposition, 


Ing are disc ussed 


During the vears 1958-60, leaves of red oak, Quercus 
rubra L., in many parts of Lower Michigan were fed upon 
by a leaf mining and skeletonizing insect, identified by 
Dr. Annette F. Braun as Buceulatriv ainsliella Murtfeldt. 
Although the insect could be found in most stands where 
red oak was present in Lower Michigan, the intensity of 
mining and skeletonizing varied considerably from stand 
to stand. The studies reported here were undertaken in 
order to supplement published notes on life history, bi 
ology, and ecology of the species, 

Revirw o1 LITERATURE. 


Was no agreement among specialists as to which of the 


‘TAXONOMLE Because there 
existing families the genus belonged, it was assigned to 
the family Bueculatrigidae of the superfamily Tineoidea 
by Fracker (1915). Mosher 


family in the superfamily Gracilerioidea. Forbes (1923 


1916) placed it in the same 


placed the genus in the superfamily Tineoidea, family 
Lyonetiidae. For the purpose of this discussion, Forbes’ 
(1923) consignment to the family Lyonetiidae is accepted. 

The Lyonettidae, as usually defined (Craighead 1950), 
includes numerous species of tiny moths which have 
morphological features in common but which have larvac 
possessing considerable morphological and biological 
dissimilarities. The adults, according to Craighead, have 
the vertex of the head rough or tufted, the face smooth, 
and the basal segments of the antennae extended to form 
an evecap fringed with stiff hairs. The wings are lanceolate 
and the hind pair is broadly fringed, usually with brown, 


Adults of B. atnsliella, 


according to the original description (Murtfeldt| 1905), 


black, or silvery white markings. 


have an alar expanse of 7 to 8 mm., with antennae three 
fifths the length of the forewings. The antennae are 


annulated in dusky brown and dull yellow, and the golden 
white eyecaps are expanded. Ground color of the fore- 
Wings is shining cream white, more or less obscured by 
dark brown scales which in some lights exhibit purple re- 
flections. 

Larvae observed in this study were approximately 5 
mim. long when full grown. The body was widest about the 
middle of the abdomen, and the integument was naked 
except for small hairs. The head was dark yellow in the 
late free-feeding stages with the body a brighter vellow 
or green-yellow. 
Description OF Stupy AREA AND OBSERVATION 
Mertnops.— All observations reported in this paper were 
made in Baker Woodlot, on the campus of Michigan 
State University, East Lansing, in the spring and summer 
of 1959 and 1960. The portion of the woodlot in which the 
study was located can be typed as sugar maple-beech, 
with sugar maple, Acer saccharum Marsh, and Ameri- 
can beech, Fagus grandifolia Ehrh., dominant in the over- 
story. The undergrowth is dominated by small size 
classes of sugar maple. Red maple, -Acer rubrum L.; 
white ash, Fraxrinus americana L.; red oak, Quereus rubra 
L.; and black cherry, Prunus serotina Ehrh., are also com- 
mon in the study area. Trees are uniformly spaced, and 
the canopy is continuous except where windfall has de- 
A lack of certain size 
classes exists In some species owing to cuttings made 
about 1940. At the time of these observations, litter cover 
was substantial, and the study area was well drained. 
Natural reproduction of all of the foregoing tree species 


stroyed some of the dominants. 


was observed. 
Four observation plots were established at random 
within the woodlot by selecting a red oak as a center 
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Fic. 1. 


Pupal cases of B. ainsliella. Note longitudinal striations 


or “ribs.” 


point and delimiting a 100-foot-diameter circular area 
around it. In 1959 the sampling or observation was re- 
peated in each of the four plots as follows: 

Pupae.—Pupae were sampled during March and April 
and again in June, July, and August in order to ascertain 
the identity of parasites, adult emergence and pupal 
mortality. Three hundred pupae from each plot were 
placed in glass vials in the spring and taken indoors where 
they were transferred to 1-quart cardboard ice cream con- 
tainers and held at room temperature to await adult 
emergence. 


Adults. 


Estimates of seasonal adult abundance were 





Eggs of B. ainsliella. (A) Partially developed. (B) De 
New ly hatched egy 


Fig. 2. 
veloped egg showing black head capsule. (C 
partially filled with frass. 


Fic. 3. A) Mine. (B) First molting “tent.” (C) Skeletonizing 


obtained by periodic field samplings of resting adults col- 
lected from tree trunks in May and June and again in 
July and August. Open three-quarter-inch-diameter shell 
vials were used to catch the moths. These were placed 
beneath the moth, which was then dislodged into the vial 
by a downward flick of the cork. These specimens were 
taken to the laboratory to determine the sex ratio and 
the number of eggs in the females. 

Eggs and Larvae.—-From April 15 through October 16, 
at 3-day intervals, 2 leaves from each of 5 marked dom 
inant northern red oaks in each plot were cut from the 
crown at a 15- to 30-foot height. These were taken into 
the laboratory and examined for presence of eggs, hatch 
ing, larval development, mining, and skeletonizing. Only 
enough observations were made in 1960 to determine the 
initiation, duration and termination of the previously 
(1959) described biological phenomena. 


ainsthiella 


pupates inside a longitudinally ribbed cocoon 7 mm. 


DESCRIPTION OF STAGES AND INgury.-—B. 


long by 1.5 mm. wide (fig. 1). Overwintering cocoons were 
found on the bark of all tree species, on twigs and stems 
of woody undergrowth, and even on grasses. Summer 
cocoons were usually constructed on the leaves where 
feeding had taken place. The adults emerge in the spring 
and lay flatly ovoid (0.25 mm. diameter) pale creamy 
white, semitransparent eggs on the undersides of red oak 
leaves (fig. 2A). Spring generation eggs were almost al 
ways found near the outer edges of the leaves in the angle 
formed by major veins and the leaf surface. Summer gen- 
eration eggs were placed more centrally along the larger 
veins from the tip of the leaf to the base of the petiole. 
Within 48 hours after oviposition, two black spots be- 
came visible within the egg. These gradually merged to 
form a dark head capsule (fig. 2B). Within 8 to 10 days 
after oviposition, the larva emerged from its egg, chewed 
directly into the leaf surface where it proceeded to mine 
in the mesophyll tissue. A conspicuous brown discolora- 
tion usually associated with this early feeding was useful 
in differentiating hatching (larva partially in egg) from 
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actual mining (where the larva had left its egg and had 
begun active feeding in the mine). After hatching was 
complete, frass which had been pushed into the empty 
egg caused it to appear almost black in color (fig. 2C). 
This made it easy to distinguish hatched from unhatched 
eggs. 

The mines caused by early B. ainsliella feeding ap- 
peared as small serpentine or blotch discolorations (fig. 
3A). After spending 10 days to 3 weeks in the mine and 
after each insect had discolored a leaf surface area ap- 
proximately 1/6 to 1/4 square inch in size, the larvae left 
the mines through elliptical slits. Only one exuvium was 
found in the scores of mines dissected, suggesting that 
all of the mining is done by the first instar larva. Head 
capsule width measurements made of 2+ larvae dissected 
from the mines showed a frequency distribution with 
a central tendency around 0.185 mm. Smaller peaks 
at 0.1 mm. and 0.19 mm. raised doubts as to the relation- 
ship of these measurements to actual instars. 

After emerging from their mines, the larvae fed on the 
lower leaf surface and within a week constructed 1.4 mm. 
diameter molting tents (fig. 3B) in a small depression or 
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Fia. 4. 


Second molting “tent.” 


silken threads, upon which they were often carried a 
considerable distance from their host. 
SEASONAL OccuRRENCE OF Lire History 
Figure 5 illustrates the initiation, duration and termina- 
tion of previously described biological and_ life-cycle 


STAGES. 





nie fold of the leaf. The “tents” were formed by laying down | phenomena. There were two generations in both 1959 and 
a layer of silken webbing on the leaf surface, over which 1960, Observations on first generation 1959 phenomena 
: col- was woven a flat canopy stuck fast all around the periph- are incomplete but records of 1959 second generation and 
= ery. The time required for “tent” formation averaged 1} — of both 1960 generations add up to a reasonably clear 
shell hours, after which the larvae proceeded to molt. Within — picture of seasonal development under Lower Michigan 
laced 36 to 48 hours the larvae left the “tents” and fed as skele- conditions. Mining may be expected to take place from 
vial tonizers (fig. 3C) for a week to 10 days, when a second mid-April to late June and again from early August 
— tent 2.5 mm. in diameter was formed (fig. 4). Upon emer- through late September. Skeletonizing might be ex- 
and gence from the second molting tent, skeletonizing was re- — pected from early June through early July and again 
sumed. During this feeding period, the larvae moved from September through mid-October. Other events in 
r 16, about freely until approximately 2+ hours prior to pupa- — the life cycle may be anticipated on the basis of their oc- 
- tion. At this time they could be observed dangling from — currence in 1959-60 as shown in figure 5. 
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Stratus OF BuccuLatTrRix AINSLIELLA.—-Only red oak 
was fed upon in the woodlot under study, although Drooz 
(1960) reports feeding on both red and chestnut oak in 
Bradford County, Pennsylvania, in 1959. In both 1959 
and 1960, 86° to 90% of red oak leaf surface was skele 
tonized by second generation larvae. First generation 
feeding did not noticeably limit the food supply of the 
second generation in either 1959 or 1960. Of 1,347 over 
wintering pupae (collected from the tree trunks in March 
of 1959, and held at room temperature) 74°% failed to 
produce adults. Of these, 209% had died in the prepupal 
stage the previous fall. Since most of these cocoons were 
collected above the snow line, it is possible that low air 
temperatures may have contributed to the observed 
mortality. 

Three species of parasites! were reared from pupae and 


larvae of B. ainsliella as follows: 


Family Eulophidae 
Cirrospilus flavicinctus Riley 
Pnigalio mac uli pe a Cw fd 

Family Braconidae 


A panteles ornigis Weid, (Reared from pupae only 


Studies with Three Alkylating 


is; & LaBRecat E, 
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Entomology Research Division, Agric 


Vol. 54, No. J 


No data are available on the extent of parasitism by 


these species. 
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ABSTRACT 


Three radiomimetic compounds—aphoxide (tris( 1-aziridiny! 
V,N’-ethylenebis| P, P-bis(1-aziri 
2,2,4,4,6,6 


caused steril- 


phosphine oxide), aphomide 
dinyl N-methylphosphinic¢ amide 
hexa(l-aziridinyl)2,4,6-triphospha-1,3,5-triazine 
Vusca domestica L 


centrations of 1% to 0.5% in food given to adults. The greatest 


and apholate 


ity in male and female house flies at con 
effect in tests with apholate Was caused by feeding on the first 
day after emergence. When a mixed population of normal males 
and males treated with aphoxide cr apholate were caged with 


normal females some of the eggs laid were viable and some non 


Elimination of insect populations through the release 
of sexually sterilized individuals has recently emerged as 
a promising method of insect control. Emphasis has been 
directed primarily to achieving sterility with ionizing 
radiation. The method has a disadvantage in that it can 
be applied only to insects other than those that are 
mechanical vectors of pathogens. The addition of such 
insect vectors to an existing population would temporar 
ily increase the disease potential. The method would also 
be undesirable if the released insects themselves caused 
annoyance by biting or by invading premises. Should a 
practical chemosterilant be developed it would become 
feasible to induce sterility within an existing population 
without increasing the number of insects. Also, a chemo- 
sterilant would eliminate the need for expensive radiation 
facilities, which at present are extremely limited in mo- 
bility, and the costly rearing of enormous numbers of 
insects for release. 

MareriArs.—Over the past few years several hundred 
compounds have heen evaluated at the Orlando, Fla., 


viable, but with aphomide the eg 


Male 
flies given apholate for 5 days mated readily with normal females 
ind their sperm were motile and appeared to be 
Normal females 
then with untreated males laid only nonviable eggs, 
males mated first to normal and then to treated males laid only 


flies 


gs were mostly viable 


effective ir 
zygote formation caged first with treated and 
whereas fe- 
given untreated food 


viable eggs. In tests utilizing rooms, 


produced £0,0SS pupae, those given food treated with 1% ol 
apholate produced S6 to 226 pupae, and those given a choice of 


food produced 13 to 121 pupae 


laboretory as potential practical sterilants of house flies 


Musca domestica L.). At present two groups of com- 
pounds antimetabolites and alkylating agents— have 
shown the most promise. Antimetabolites are com- 


pounds wherein a metabolite essential to cell develop- 


ment has been changed in one of several minor 


which, when introduced into an animal, will elicit signs 


ways, 


associated with a specific lack of the metabolite (Woolley 
1952, Shive & Skinner 1958). 
folic acid antogonists aminopterin (.N-} p-|} 


Antimetabolites such as the 
2, 4-diamino 
and 


6-pteridyl)methyllamino}{ benzoyl! glutamic — acid 


amethopterin (.V-| pp} 2,4-diamino-6-pteridyl) methyl] 
methylamino} benzoyl{glutamic acid) induced sterility in 


vinegar flies and house flies, but unfortunately only in 
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the females (Goldsmith & Frank 1952, Mitlin ef al. 
1957, LaBrecque ef al. 1960), 

Alkylating agents, commonly referred to as radiomi- 
metic compounds, replace hydrogen with an alkyl group 
in fundamental genetic material with an effect similar to 
that of irradiation (Anon. 1959, Alexander 1960). Within 
the latter group ethylenimine derivatives have been par 
ticularly effective as sterilants of both sexes of house flies. 
This paper presents the results of studies with three of 
these compounds—tris(1-aziridinyl)-phosphine oxide, .V, 
N’-ethylenebis{P?, P-bis (1-aziridiny! 
and 2,2.4,4,6,6-hexa(1-aziridiny])-2,4,6-tri- 


N-methylphosphinic 
amide}, 
phospha-1,3,5-triazine (sometimes designated as hexa 
kis(1-aziridinyl)phosphonitrilate), hereafter called aphox 
ide, aphomide, and apholate, respectively.’ Aphowxide has 
been promising in cancer research, and, because of their 
cross-linking properties, aphoxide, aphomide, and apho 
late have been experimentally useful as fabric treatments. 
Several large mills have treated thousands of vards olf 
cotton fabric with aphoxide in combination with other 
flame-retardants. The 
Although hazardous initially, 


chemicals as aphoxide conveys 
crease-resistant properties 
the compounds lose toxicity upon polymerization, as dun 

ing the clothing treatment process. Drake ef al. (1958), 
in summarizing the studies with aphoxide (APO) in the 
treatment of cancer, observed that none of the investi 

gators reported results that would indicate that aphoxide 
is carcinogenic. Toxic effects in man and laboratory ani 

mals with this compound administered orally and by in 

jection have been recorded at dosages as low as 75 to 0.5 
mg. kg. (Cancer Chemotherapy Reports (8) July, 1960, 
pp. 156-175). 

; Determination of Mri 


TRUER Eat 


Li ffective 


concentra 


Pests depeum 


Cac! 
Concentration. To determine the 
tion at which aphoxide, aphomide, and apholate fune 
tioned as chemosterilants of louse flies, 25 grams of fly 
food was treated with 12.5 ml. of acetone containing 0.25 
to 0.025 gram of the candidate sterilant im suspension or 
solution. The food was then allowed to dry for 2+ hours, 
repulverized, and placed in cages containing 100) house 
fly pupae from the regular (insecticide-susceptible) col 
Resistant flies from the Orlando No. 1 (DD'P-re 


colony also were used in the study with apholat 


ony. 
sistant 


used as checks 


Cages containing untreated food were 
Seven days later the first examination of each cage was 
made to note the number of flies that had emerged, then 


condition, and any acute toxic effect of the treated food 
Two days later another examination was made and a 
small amount of fermenting CSMA medium! was placed 
in the cage for ov Iposition. On the following day the ovi 
position medium was inspected for eggs. If none were 
present the medium was moistened and examined daily 
until oviposition occurred or all the flies were dead. The 
viability of any eggs deposited was determined by inspect 
ing the medium for growing larvae 2 days after oviposi 
tion. The larvae were reared to adults, which were allowed 
to mate or oviposit, and observations for any abnormal 


Aphox 


’ reduced Ovi 


ities were made. The results are given in table 1. 
ide caused some mortality of the flies at 1 


position at concentrations as low as 0.507, and eliminated 


hatching at concentrations as low as 0.25°7, with vari 


able results at lower concentrations. Aphomide also 


killed some flies at 1‘ ny reduced ov position at 0.5% ,, and 
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Table 1.—Effect of three alkylating agents in the adult 
food on the fertility of house flies. 





EXPERI- 





CHeEMo- MENT Dosaat 

STERILANT NUMBER Qq Krrect oN Housr Fires 

\phoxide l 1.0 Partial toxicant, no oviposition 
3 0.5 Oviposition light, no hatch 
3 25 Oviposition normal, no hatch 
| l. Oviposition delayed, no hatch 
2 | None 
2 O5 None 
2 025 None 

Aphornice | 1.0 Partial toxicant, oviposition 

delayed, no hatch 
} 1.0 Oviposition light, no hatch 
} 0.5 Oviposition light, only one F 
adult 

i 45) No Fs eggs 
l ] None 
t l None 

Apholate l 1.0 Oviposition normal, no hateh* 
5 1.0 Oviposition normal, no hatch 
6 1.0 Oviposition normal, no hatch 
5 0.5 Oviposition normal, no hateh 
i) 25 None 
1 l None 
5 l None 

Fhes from the Orlando No. 1 DDT-resistant colony 


eliminated hatching completely at 1% and almost com 
pletely at 0.507 with an apparent effect on the fertility of 
the F 
ity and had no apparent effect on oviposition but elim- 
inated hatehing at 1°07 and 0.50. DDT-resistant flies 
given food treated with 107 of apholate also laid sterile 


generation at 0.2507. Apholate caused no mortal- 


o 
Li ffects On Keach wer. 


the effects of these compounds on each sex. Males and fe- 


Tests were made to determine 


males were given food treated with 0.19% of aphoxide or 
1°) of aphomide or apholate for the first 5 days after 
emergence. They were then given untreated food for 1 
day, and on the sixth day they were mated with flies of 
the opposite sex that had been fed either treated or un 
treated food; five insects of each sex were used, and all 
food thereafter. On 


the seventh day, oviposition medium was made available 


flies were maintained on untreated 


and the eggs were counted and placed in larval medium. 
Egg viability was determined by inspecting the medium 
ata later date for larvae. Fecundity and fertility were de- 
termined by offering oviposition medium in this way at 
regular intervals until the flies had died or until the end 
of the 30-day test period. Each test was replicated twice 
and compared with untreated cheeks run concurrently. 
Phe results are given in table 2. All three compounds 


It ist ipparent ether any of these compounds will be used com 

cully, and therefore it would be premature to propose common names for 

m tot! rious Committees concerned with nomenclature of pest control 
hemicals. However, the names “aphoxide.”” “aphomide,”” and “apholate 

e been coined in accordance with the rules of the insecticide nomenclature 


mmittees of the Entomological Society of America, the American Standards 


Association, and the International Standards Organization and would be 
suitable for international adoption if the compounds become widely tested or 
1 
The standard Chemica cialties Manufacturers Association (CSMA 
il house fly medium, distributed by Ralston Purina Company, St. Louts 
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Table 2.—Fertility of house flies given food treated with chemosterilants during the first 5 days after emergence.* 





Sex GIvEN EXPERI- 


NuMBER OF Eq@os? 


FROM Fries oF INDICATED AGE (DAYS 


TREATED MENT 
Foop NUMBER 7 9-10 11-12 14 16-17 18-19 21-22 24-26 27-29 30 
{phoride, in 1¢ 
Females 1 (350 0 0 0 0 0 0 0 
2 80 17 0 “ 0 0 0 0 
Males l (75 35 500 0 0 160 (115 0 
2 (600) 0 $5 0 0 83 45 30 
Both l 90 0 0 0 0 0 0 0 
2 (320 0 0 0 0 0 0 0 
Neither l 700 0 240) 325 0 275 110 25 
2 250 12 64 165 0 85 0 0 
{ phomide, 1% 
Females 3 15 0 0 0 0 0 0 0 0 
4 0 1 0 0 0 0 0 0 0 
Males 3 0 75 0 100 75 160 195 0 220) 5 
t SO 150 0 200 130 (5 SO 0 ISO 120 
Both 3 0 0 0 0 0 0 0 0 0 
} 25 0 0 0 0 0 0 0 0 
Neither 3 0 60 70 240) 85 75 215 0 140 75 
1 0 105 140 250 180 30 230 0 330 130 
1 pholate, 1% 
Females 5 0 0 80 0 0 0 0 0 0 
6 0 0 +4 0 0 0 0 0 0 
Males 5 0 0 (340 90 $2 0 $25 35 54 
6 0 0 (195 0 51 0 95 30 57 
Both 5 0 0 90 0 0 0 0 0 0 
6 0 0 95 0 0 0 0 0 0 
Neither 5 0 0 600 (50 65 0 100 50 14 
6 100 0 105 0 50 0 S60 th) 50 





® Five males and five females per test 


t 
© Parentheses indicate nonviable eggs 


caused sterility in both sexes. Females given treated food 
and crossed with normal males oviposited sparingly or 
not at all, and all eggs were nonviable except for a few in 
one of two tests with aphoxide. Normal females mated 
to treated males laid normal numbers of eggs but none 
were viable. Treated females and treated males produced 
few egg masses and these were nonviable. 

Effect of Feeding for One Day Only.—Tests were made 
to determine the effect on each sex of feeding for only 1 
day on food containing 1% of apholate. In one set of tests, 
flies of each sex were given treated food for the first day 
after emergence and untreated food thereafter, and mat- 
ings were made on the second day. Another group was 
fed untreated food for the first 3 days, treated food on 
the fourth day, and untreated food thereafter, and mat- 
ings were not made until after the flies had fed on un- 
treated food on the fifth day. Oviposition medium was 
made available on the seventh day and at regular inter- 
vals afterwards. The results are given in table 3. 

Females given treated food on the first day laid non 
viable eggs on the 7th to 11th days and no eggs thereafter. 
Normal females mated to males given treated food on the 
first day laid nonviable eggs up to the 29th day. When 


treated food was supplied on the fourth day, treated fe- 
males mated with treated males produced no viable eggs, 
but matings between treated females or males and nor- 
mal flies produced mostly viable eggs. 

female flies that the 


ovaries in newly emerged to 1-day-old flies were small 


Dissection of normal showed 
and undeveloped, whereas complete ovarian develop- 
ment was evident in 4- to 5-day-old flies. The greater 
effectiveness of apholate when administered on the first 
day rather than the fourth day supports the assumption 
that the sterility produced in females is due to the action 
of the chemical at an early stage of ovarian development. 

Egg Production in Populations Containing Sterile and 
Normal Males. 


males and females to determine the effect on egg produc- 


Sterile males were caged with normal 


tion. The males were given food treated with 0.19% of 
aphoxide or 1% of aphomide or apholate for the first 5 
days after emergence. They were then given untreated 
food for 1 day, and caged with equal numbers of normal 
males and normal females on the sixth day, after which 
all flies were given untreated food. Oviposition medium 
was made available on the seventh day and at regular 
intervals throughout the testing period. The results are 
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Table 3.—Fertility of house flies given food treated with 1% of apholate for 1 day only." 





NuMBER OF Eaas? From FLIES AT INDICATED 


EXPERIMENT 
NUMBER 7 9 


Sex GIVEN 
Treated Foop 


11 


AGE (Days) 


14 16 18 2] 24 29 


Flies Given Treated Food on First Day Only 


Females l 0 0 (380 
4 33 0 117 
Males I 0 0 100 
2 (54 (187 175 
Both I By | 97 100 
2 15 65 50 


0 0 0 0 0 0 
0) 0 0 0 0 0 
0 53 5 72) 0 0 
155 30 0 (65) 0 (175 
: 8 i] 0 a (1) 
0 0 0 0 0 0 


Fes Given Treated Food on Fourth Day Only 





Females | 0 0 330 0 75 0 0 0 

) 0 135 0 60 69 be 20) 0 3S 

Males | 190 16 250 10 70 83 350 125 150 

2 iD) 105 iM) 120 50 0 135 0 180 

Both l 0 50 125 0 65 0 0 0 0 

) 0 220 80 SO 25 0 0 0 0 

bles Given Untreated Food Only 

Neither l 0 0 600 50 65 0 100 50 (14) 

) 100 0 105 0 50 0 360 40 50 
‘ Five males and five females per test 
Parentheses indicate nonviable eggs 


given in table 4. 

In the tests with aphoxide about half the eggs were 
viable in one replication and none in the other. With 
aphomide almost all the eggs were viable in both replica 
tions. With apholate none were viable in two replications, 
whereas almost all were viable in the other two. It is not 
known with certainty whether the females mated once or 
more than once, but the possibility of multiple matings 
has been assumed. The eggs laid on any one day may have 
come from part or all of the females in a cage. For these 
reasons, the deposition by females in any one cage of 
sterile eggs on some days and fertile eggs on others may 
have been caused by (1) incomplete sterility in the males, 


(2) multiple matings with both sterile and normal males 


and with sperm from both active in zygote formation, or 
(3) by oviposition on some days by females which had 
mated first or exclusively with sterile males and on other 
days by different females which had mated first or exclu- 
sively with normal males. With the small numbers of each 
sex concerned, it would be possible that all females in any 
one cage mated the first or only time with sterile males, 
which might account for the complete sterility of the eggs 
obtained in both the tests with apholate in which only 
five females were used. On the other hand, if all females 
in a cage mated the first or only time with normal males, 
all the eggs would have been normal: this may have hap- 
pened in the tests with apholate using 10 females, since 
all the eggs except those in two small batches were viable, 


Table 4.—Viability of eggs from normal female house flies caged with a mixed population of normal males and males that 
had been given a chemosterilant in the adult food for 5 days after emergence, then untreated food for 1 day; normal and 


treated males caged with virgin females on sixth day. 








NuMBER OF EGGs” rrom Fiies oF INDICATED AGE (DAYS 

NUMBER OF EXPERIMEN’ 
CHEMOSTERILANT FEMALES NUMBEI 7 9-10 11-12 14 16-17 IS 2()-22 24 28 29-30 
Aphoxide, 0.1% 5 l 140 $2 190 300 0 120 0 0 
) 120 0 253 85 0 h2 0 0 
Aphomide, 1% 9 3 1) 115 100 350 85 £50 170 0 (240 300 
t l 115 60 100 235 160 £00 55 180 200 
Apholate, 1% j 5 0 0 116 0 D4 0 100 60 (47 
6 i) 0 120 0 50 0 105 i) 97 
10 7 LOO £00 SRO $25 0 50 225 SO 35 70 
s 500 500 LO S10 SO 60 100 110 (30 50 

*1:1:1 ratio of treated males: normal males: normal females 

Parentheses indicate nonviable eggs 
© Only 1 viable egg. 
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Table 5.—Number and viability of eggs laid by individual female house flies when uninseminated and when inseminated 


Vol. 54, No. 4 


by (1) normal males (2) treated males followed by normal males or (3) normal males followed by treated males. 





NUMBER OF 


EXPERIMENT 


Kaas? rrom Fires av INpicarep AGE (DAYS 





MALes NUMBER S 1] 13 18 A”) 2 5 8 
None l 30 0 
) 0 0 
3 90 0 
} ) 0 
5 Normal I 152 5 0 0 0 0 0 
? 250 0 50 ) 60 0 $5 
$ 60 30 SO 0 15 0 0 
5 Treated! | 230 0) 55 65 0 SO 30 
) ISO 1) a) 0 dO 65 ") 
8 120 ) 0 65 0 Tt) 0 
} 100 $0 60 0 SO 32 0) 
5 Normal l 55 110 0 60 0 150 73 rr) 
) 70 100 0 65 7 )] So) Lo 
* Treated males given food containing 1 of apholate: 1 female per test 


Parentheses indicate nonviable eggs 
© Treated males replaced with normal males after first ovipositior 
“ Normal males replaced with treated males after first oviposition 


and even normal matings sometimes produced occasional! 


nonviable egg masses. As will be discussed later, part of 


the variation in the viability of the eggs may have been 
caused by the order in which the females copulated with 
normal or sterile males. 

Effect on Copulation and Egg Production. 
made to determine the effect of the sterilant on copulation 


Tests were 


n females 


by treated males and on zygote formation 
inseminated by them. Apholate was selected for the first 
experiment because it had been the most promising of the 
three in causing sterility without mortality. Males were 
given food treated with 1° of apholate for the first 5 
days after emergence, untreated food for 1 day, and on 
the sixth day five males were caged with one normal 
virgin female and given untreated food thereafter. After 
the first oviposition the treated males were removed and 
replaced by five normal males. In other tests a norma! 
virgin female was caged with five normal males on the 
sixth day and after the first oviposition these were re 
piaced with five treated males. Virgin females were also 
maintained alone or caged with five normal males as 
checks. Oviposition medium was provided on the eighth 
day and at intervals thereafter, and the number and 
viability of the eggs were recorded. The results are given 
in table 5. 

Copulation was observed within 30 minutes afte: 
treated or untreated males were placed with the females 
and continued for more than 15 minutes. Dissections in 
Ringer’s solution modified by increasing the potassium 
chloride concentration to 0.1% demonstrated the presence 
of motile sperm in the testes and vasa deferentia of treated 
males and in the spermathecae and ducts of females with 
which they had mated. Virgin females laid some eggs on 
the eighth day but less than the normal number, none of 
which were viable, and laid no eggs on the 13th day 
Females mated to treated males laid normal numbers of 
eggs; this observation coupled with the observed motility 
of the sperm from treated males is assumed to be an 


indication, though not conclusive proof, that the sperm 
from the treated males were actually effective in zygote 
production. It is of course possible that the act of mating 
and the transfer of the other elements in the semen stimu 
lated the females to deposit eggs in numbers comparable 
to those in normally fertilized females, and that the sperm, 
though motile, did not form zygotes. All eggs from fe 
males caged first with treated males, then with normal 
males, were nonviable, even those laid as late as the 28th 
day, and all those from females caged first with normal 
males, then with treated males, were viable, whieh indi 
cated either that the females did not copulate after the 
first oviposition, or that sperm from the first copulation 
were the only ones effective in zygote formation. Dissec 
tion of females after the first copulation has shown that 
all three spermathecae are usually completely filled with 
sperm. However, it is possible that multiple matings with 
sperm utilization from each mating might oceur when 
several males are present at the time the females are first 
ready to copulate. This might be particularly likely to 
occur if the first mating should be interrupted before all 
three spermathecae are filled. In one observation out of 
350 only two of the three spermathecae were found to be 
filled after the first mating. Zingrone et al. (1959) observed 
effective multiple matings in 2 of 100 female house flies 

Room Tests. In a large-scale test, six dishes of food 
and 2,000 house fly pupae were placed in each of five 
rooms. Two of the rooms contained only food that was 
treated with 107 of the sterilant, apholate; two others had 
three dishes of treated food and three that were un 
treated; and the fifth had only untreated food. An addi 
tional 1,000 pupae were added each day for + davs to one 
of the rooms with treated food and one of the rooms with 
a choice of food, to provide flies of mixed ages 

On the sixth and ninth days after the adult flies 
emerged, oviposition medium was made available for 
t hours. All eggs laid were allowed to hateh and the larvae 
were reared to the pupal stage. The number of pupac 


al 


p! 


A 


~~ 
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produced were as follows: 
Treated food only 
One ave S6 
Mixed ages 226 


Choice of food 
One age 121 


Mixed ages 13 


Untreated food only 


One £0,088 


ay 


Conciusion.— Apholate, aphoxide, and aphomide hold 
promise for the control of house flies under certain condi 


tions and merit field evaluation. 
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The Effect of Plant Type upon Corn Earworm 


Control in Sweet Corn! 


Joun W. Witson 


ABSTRACT 


During three growing seasons, lines of sweet corn varying In 
plant type characteristics were grown in the presence of high 
populations of the corn earworm (feltothis zea Boddie The 
accumulated data indicate that there was a significant variation 
between lines in their ability to resist earworm attack but that 
plani type did not affect the degree of resistance to earworm 


ittack 


The release of the first sweet corn hybrids adapted to 
southern climatic and soil conditions occurred shortly 
before DIYE became available for general use. Russell 
1944) was among the first to recognize the potentialities 
of DDT as a useful chemical in the control of the corn 
earworm, [leliothis sea (Boddie), 


vears sweet corn for the fresh market has become a ten to 


in sweet corn. In recent 


thirteen million dollar a vear crop in Florida (Searborough 
1959). To protect this crop from earworm attack it 1s 
necessary to apply DDT at 24- to 48-hour intervals dur 
ing the period the silks are attractive to ovipositing 
moths. The requirement for such frequent applications of 
insecticides is supported by observations by NKelsheimer 
1953) who reported that under some conditions the 
incubation period for earworm eggs is 2+ to 386 hours. The 
rapid rate of silk elongation also makes it necessary to 
apply insecticides at short intervals during the suscep 
tible period. 

This combination of factors makes it desirable to seek 
some method of reducing earworm injury other than 
chemical control in order to reduce costs of control. One of 
the more promising means of achieving this goal appears 
to be the development of market-acceptable varieties of 
sweet corn having a high degree of resistance to the corn 
earworm. Yarnell (1952) has called attention to the fact 


that “*... much useful resistance to the earworm is now 


and E. V. Warrrer®4 


available in sweet corn breeding lines,”’ and that, ‘“‘com- 
binations to give the greatest degree of resistance are still 
a matter of trial and error.” 

Husk prolongation, number of husks with few husk 
leaves, thickness and tightness of husk at the ear tip, time 
of silking, ear length, texture of husk and duration of 
growing period have been studied by many workers. 
Walter (1957) 
the silks of sweet corn. The present paper reports on a 
three year study of the relationship of plant type to 


has described an earworm lethal factor in 


earworm control. 

MATERIALS AND Metuops. 
the plant characteristics listed in table 1 and illustrated 
in figure 1A were chosen for this study. At the present 


Seed from lines having 


time commercial control of the corn earworm in sweet 
corn is accomplished either by airplane dusting or by 
high-clearance ground spraying or dusting equipment. It 
was expected that plant types having broad, spreading, 
drooping leaves and many suckers would tend to shield 
the silks from insecticides applied from above or from the 
sides. Another plant type expected to shield the silks from 
insecticide applications except from directly above was 
the liguleless type which holds the leaves close to the 
stalk and appears to shield the silks from the sides. A 
third type of plant having few leaves with an open canopy 
and no suckers was expected to expose the silks to insec- 
ticide applications. Therefore, the nine plant types having 
a wide range of growth characteristics were chosen to 
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7 
and 
Table 1.—Lines and hybrids of sweet corn grown at Sanford, Florida, for the study of effect of plant type upon earworm con- mei 
trol. = 
STRAIN 
NUMBER Line or Hysrip DisTINGUISHING CHARACTERS 
Ne) 
1 loana Leaves spreading and drooping usually 2 or more suckers with leaves 
somewhat covering the ear. 
2 Golden Security Leaves longer, more drooping than Aristogold Bantam; 80- to 90-degree 
angle from stalk; usually 1 or 2 small suckers. 
3 175-51-OP( 5) 1-2-1-3N4623K1 Leaves narrow, 25-degree angle from stalk; drooping at ends; 2 or more 
suckers reaching to or slightly above the ear, 
t Od2X471-U6) (3) 1-2X(9214N4599) |(4 Leaves liguleless. Top leaves upright, close to or clasping the stalk below 
2W-3-1X175-51-OP(2)2 the tassel. Lower leaves with tip drooping. Ear leaf close to stalk but — 
lower leaves spreading. 
5 P39-645X175-51-OP(5) 1-2-1-3 Similar to strain 4 but leaves longer, narrower and slightly more spread stu 
ing. Plant looks liguleless. | 
‘ ‘ arr: 
6 Aristogold Bantam Plants open, few to no suckers, leaves long, spreading 80- to 90-degree . 
’ ; line 
angle from stalk 
use 
7 Paymaster Plant somewhat shorter than strain 9 with leaves a little more drooping 7 
Otherwise quite similar to strain 9 eac 
8 175-51-OP-OP(3) 4-1-2X.175-51-OP(5 Leaves shorter, broader and more numerous than strain 5. Top leaves ps 
3-1-1-1 clasping; lower leaves 20-degree angle from stalk then drooping at tips ear 
sing 
9 $6:20(6)1X5037(3) K Leaves moderately short, broad, stand stiff at 30-degree angle from stalk fou 
plot 
for 
apa 
hill 
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Fig. 1.—Diagram of types of plants (A) and bar graph of the arithmetic mean of worm-free ears harvested from each strain (B wel 
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Table 2.—Number of worm-free ears harvested in 1958 
and 1959 and a statistical comparison of the means with the 
means of all strains. 
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Table 3.—Number of worm-free ears harvested in the 
three crop years for all strains except 5 and 9 which were not 
grown in 1957. 





NUMBER OF 


Worm-Free Ears Means 
OFS 
STRAIN 1958 1959 = RepLicates EFFECT RANK 
| 95 83 22.2 10.0 l 
4 78 S4 20.2 8.0 2 
3 61 61 15.2 3.0 3 
t +4 13 10.9 1.4 i 
5 36 18 10.5 1.8 6 
6 42 43 10.6 1.6 5 
q 33 16 9.9 2.4 7 
8 2] 15 $5 7.8 9 
9 11 40 6.8 5.9 8 





study the effect of plant type upon earworm control. 

In figure 1 and tables 2 and 3 the lines and hybrids are 
arranged in the same order as in table 1. In the text the 
lines and hybrids are designated by the strain numbers 
used in table 1. 

The corn was planted during the latter part of March 
each year because a high population of ovipositing corn 
earworm moths could be expected at the time the young 
ears would be susceptible to larval attack. The plots were 
single rows arranged in a simple randomized block with 
four replicates separated by 20-foot alleyways. These 
plots were adjacent to other plantings of sweet corn used 
for other experimental work. The rows were 30 inches 
apart and 60 feet long. Three or four seeds were planted in 
hills 12 inches apart in the row. When the plants were 
t to 6 inches high they were thinned to one plant per hill. 
Fertilizer and cultural practices recommended for the 
area were followed. During the growing season, and before 
the appearance of the tassels, two to three applications of 
2 quarts of 259% emulsifiable DDT in 90 gallons of water 
per acre were made for the control of earworms feeding in 
the whorl. To permit measurement of the degree of con- 
trol caused by the difference in plant characters, a re 
duced dosage of DD'T was applied during the period the 
developing ears were subject to attack. These applications 
emulsifiable DDT in 90 
gallons of water per acre, beginning the day after the 
first silks appeared, and continuing at 3-day intervals. A 


consisted of 3 quarts of 25% 


power sprayer equipped with a four-row boom having 
two nozzles directed at the silks on each side of the row 
was used to apply the DDT. 

Each of the lines was harvested independently at the 
time the primary ears were ready for table use. All of the 
primary ears were shucked and examined for earworm 
damage. The husked ears were separated into five classes 
as follows: 1, no earworm injury; 2, injury to silks only; 
3, injury to kernels on the first inch of the ear tip; 4, 
injury to kernels on the first to third inches of the ear; 
5, injury to kernels beyond the third inch from the tip of 
the ear. The weight of all unhusked ears harvested and 
the total number of ears harvested were recorded. The 
per cent of worm-free ears harvested and a rating index 
were calculated. In this paper only the numbers of ears 
showing no earworm injury are used since the analyses of 
variance showed that these data form the best criteria for 
measuring differences between lines. 


NuMBER OF Worm- 


Free Ears MEAN 
oF 12 
Strain 1957 1958 1959 Repuicares Errecr Rank 
I 2 95 83 26.7 6.4 2 
2 234 78 S4 33.0 12.7 I 
3 119 61 61 20.1 0.2 3 
' 151 44 13 19.9 0.4 4 
6 128 42 3 17.8 2.5 5 
7 84 $8 16 13.6 -6.7 6 
8 102 21 15 11.5 8.8 7 





Resutts AND Discussion.-Figure 1 diagrams the 
strains of sweet corn included in this investigation with a 
graph showing the arithmetic mean number of ears falling 
into class 1 for each of these strains. It is necessary to 
present the data in two tables because strains 5 and 9 
were not grown in 1957. Analyses of variance showed that 
the differences between strains were highly significant. 

Under the conditions of this experiment, the highest 
number of worm-free ears was harvested from strains 
1 and 2 (loana and Golden Security) both of which have 
suckers and spreading leaves that would tend to protect 
the silks from the spray applications of DDT. With the 
exception of strain 3 all of the more open strains yielded 
the lowest number of worm-free ears. In general, the data 
indicate an exactly opposite conclusion to that expected. 
Observations of the junior author made in Texas and 
Mississippi had indicated that the strains used in this 
experiment were intermediate in their resistance to ear- 
worm attack, that is, they were neither highly resistant 
nor highly susceptible. They were chosen for this experi- 
ment because these observations had indicated that they 
were approximately equal in their resistance to the corn 
earworm, and because they varied widely in plant type. 
The data obtained over a period of 3 years and presented 
in tables 2 and 3 clearly indicate that the plant types 
used in this experiment did not influence the number of 
worm-free ears produced when a reduced dosage of DDT 
was applied. 

Daily records of the number of eggs deposited on the 
silks of 10 ears of each of the strains were obtained during 
the 1958 growing season to determine whether the rate of 
oviposition is associated with differences in earworm 


Table 4.—Average number of eggs per silk mass and per 
cent of worm-free ears harvested from strains of sweet corn 
grown in 1958. 





STRAIN AVERAGE NUMBER OF Worm-FreeE Ears 

NUMBER Eaas/SttK Mass (% 
] 5.0 19.1 
2 Bas 34.8 
8 3.0 32.6 
t 2.8 22 .9 
5 $.2 20.5 
6 1.9 Si.7 
7 1.4 16.5 
8 3.6 12.3 
9 1.3 5.2 
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injury to the various strains. Tags were attached to the 
stalk just above the primary ears 1 to 2 days before the 


silks appeared. Each of these silk masses was examined 
daily for a period of 18 days and the number of newly 
deposited eggs was recorded on the tags. By the end of 
the 13-day period the silks were brown and appeared to 
have become unattractive to ovipositing moths. One egg 
was deposited upon each of 5 out of the 90 silk masses on 
the 12th day. The data presented in table 4 indicate that 
in small plots ovipositing earworm moths prefer some 
strains over others. However, the number of eggs de 
posited is not correlated with the number of ears injured 
as three of the strains producing the highest number of 
uninjured ears were among the strains upon which high 
numbers of eggs were deposited. Moreover, the lowest 
number of uninjured ears was produced by strain 9 upon 
which the lowest number of eggs was deposited. The data 


Economic ENTOMOLOGY 


Vol. 5 4, No. 4 


presented in table 4 agrees with unpublished data re- 
corded in 1957 showing that the number of injured ears is 
not correlated with the number of eggs deposited upon 


the silks. 
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Indices of Seasonal Populations of the Adults, Eggs, and Larvae 


of the Corn Earworm! 


M. H. Farrier? and Wittiam W. Rei, 


ABSTRACT 


The numbers of adults of the corn earworm (/Teliothis zea 
(Boddie)) taken from light traps were not directly related to the 
number of eggs recorded on the silking ears of contiguous sea 
sonal plantings. The seasonal egg and larval populations and the 
degree of injury per ear resulted in U-shaped curves. Optimum 
period for sweet corn to mature for least corn earworm injury 
per ear at Faison, North Carolina, was July 10 to 20. Stowell’s 
Evergreen was more severely injured by the corn earworm than 
Golden Regent. Some of the difference in injury between these 
two varieties may be attributed to a differential in attractiveness 


for ov iposition. 


Development of indices and sampling methods are 
seasonal and 


Heliothis zea 


as well as in evaluation of control measures 


essential to reaching conclusions about 
annual abundance of the corn earworm 
(Boddie)), 
against the insect on sweet corn. 

Pfrimmer (1957) reported that the corn earworm was 
one species of nocturnal Lepidoptera most abundantly 
caught in light traps in Louisiana. Dicke (1939) con- 
cluded that serially planted corn did not give a satisfac- 
tory index of seasonal abundance of the earworn because 
of “the building up of infestations in contiguous seasonal 
plantings” and because egg counts “must be considered 
in connection with the attractive to 
oviposition.” The latter is density rather than the number 


acreage of corn 
of worm-free ears, which is more practical. As far as is 
known, no work has compared the seasonal light trap 
catches of the adults of the earworm with other indices on 
serial plantings of sweet corn. 

The optimum planting date for sweet corn, to have it 
mature at the lowest infestation per ear, was May 1 in 
Kansas (MecColloch 1920) and before May 8 in Virginia 
(Phillips & Barber 1933). In Texas, Wene & Blanchard 
(1955) found as high as 32% of the ear shoots were in- 
fested with larvae before silking had begun. 


Vorth Carolina 


fgrv ulfura! Ex pe riment Station, Raleigh 


When the average mean temperature for December, 
January, and February fell to, or below, 30 degrees F.. a 
reduction in abundance of the earworm followed in the 
Virginia (Dicke 1939). 


moisture during October through March was detrimental 


area studied in Increased soil 
to overwintering pupae. 

Stowell's Evergreen sweet corn has been recognized for 
many years as a variety susceptible to corn earworm 
attack (Garman & Jewett 1914). Golden Regent has been 
shown to be less readily attacked by the corn earworm 
than are many other varieties (Brett 1958). 

After 3 years of this work had been completed, samples 
larger than 25-ear samples were proven to be of additional 
statistical value by Harris (1958). 

Mertuops AND Marertaus.Stowell’s Evergreen vari- 
ety of sweet corn was planted every 2 weeks from March 
15 through June Faison, N.C, 
Plantings were as close to the Ist and 15th as weather and 


15 during 1956-59, at 


work schedules permitted. 

An omni-directional light trap equipped with BL lamp 
and furnished by the U. S. Department of Agriculture 
was operated one night per week within 300 yards of the 
plantings. 

Eggs on fresh silks of 25 ears were counted at weekly 
intervals in 1956 and 1959. In 1957 and 1958, 15 ears were 
examined each week. 

The average numbers of eggs per ear were compared 
with the numbers of moths collected in the light trap the 
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Table 1.—Average number of eggs of the corn earworm on silks of Stowell’s Evergreen variety of sweet corn with light 
trap catches of the adults for the previous night. 1956-59. Faison, North Carolina. 





1956 1957 

Avy Total Avg. Total 

Kygs Number Kggs Number 
per of per of 

Date Silk Moths Date Silk Moths 
May 21 5.5 9 May 23 5.1 0 
May 30 ey 0 
June 7 $5.0 0 June 6 1.2 5 
June 13 0 1 
June 21 3.0 5 June 20 0.38 3 
June 28 3.2 ) June 27 0.6 11 
July 5 0.3 14 July 3 0.7 6 
July 12 0.5 i} July 11 0 0 
July 19 0.5 0 July 18 0 5 
July 26 ‘7 15 July 25 5.8 34 
Aug 2 3 143 Aug I 9.3 327 
Aug. 9 12.8 OF Aug. 8S 3.0 22 

19.4 235 


Aug. 16 


1958 1959 
Avg Total Avg. Total 
Eggs Number Eggs Number 
per of per of 
Date Silk Moths Date Silk Moths 
May 29 9.7 9 
June 5 1.5 7 June 11 0.28 0 
June 12 i t June 18 0.48 0 
June 19 1.2 6 June 25 0.68 0 
June 26 0.73 5 
July 3 tJ 2 July 1 0.04 5 
July 10 0.2 11 July 9 0 10 
July 17 0.2 a July 16 0 10 
July 25 0.93 0 July 23 O. +4 3 
July 31 6.1 10 July 30 0.60 60 
Aug. 7 Fs 201 Aug. 6 5.08 206 
Aug. 14 10.3 116 
Aug. 21 $.5 198 
Aug. 28 $.8 22 





previous night (table 1). No definite relationship between 
these two criteria was noted when graphically analyzed. 

In 1959, Golden Regent variety was planted on the 
same dates as Stowell’s Evergreen. Plots were not repli 
cated. Subsequent oviposition and larval infestation of 
the earworm and maximum length of injury on the ears 
was taken for each of 25 ears of each variety each week as 
the plantings matured during the season. The maximum 
damage of an ear was measured from the tip of the ear to 
the lowest point of injury on the ear. In limited instances, 
the lowest point of injury was not continuous from the 
tip, but was caused by migrating larvae which had eaten 
into the side of the ear. 

Annual abundance of the corn earworm was compared 
with winter rainfall and temperatures in the same manner 
as Dicke (1939) in Virginia, except the average oviposi 
tion for each vear was used as the earworm population 
index rather than percentage of field infestation. 

Duration of the silking period of 25 ears was determined 
by tagging the ears prior to silking. The date each silk was 
first visible and the date it was completely brown were 
noted on the tag. 

Resuits AND Discussion. The data are summarized 
in tables | and 2 and figures 1 through 4. 

The relationship between number of eggs oviposited 


and weekly light trap catches is not: proportional. Moder 


Table 2.—Silking periods of 25 ears of Golden Regert and 
Stowell’s Evergreen varieties of sweet corn at Faison, N. C. 
July, 1959. 





Days iN SILK 


Golden Regent Stowell’s Evergeen 


Cumulative Sho 31s 
Average 13.6 12.7 
Range 9-17 7-18 





ate and generally gradual fluctuations in the weekly rate 
of oviposition for the 4+ years substantiate the U-shaped 
curve as the characteristic oviposition pattern per ear 
during the season. 

Had time permitted operation of the light trap nightly 
and the catches averaged over a weekly period, the fluctu- 
ations would probably have been reduced because of the 
lessened effect of the minimum night temperature of 
1 night out of 7 on the moth activity. Considering only 
the counting time, which was about equal for either 
means of estimating the population throughout the sea- 
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son, the oviposition count gave the more stable estimate 
for the time expended. 

For the most part, 
curves falls between July 10 and July 
(table 1). Thus the best time 
mature at Faison so that the 
posed to the least oviposition was between July 10 and 
July 20, from 1956 through 1959. For sweet corn maturing 


the lowest part of the oviposition 
20 for the 
had sweet corn 


+ vears 
to have 
ears would have been ex- 
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Fic. 4..-Average mean winter temperature (December through 


February), total winter precipitation (October through March), 
and average of mean weekly oviposition on Stowell’s Evergreen 


variety which was serially planted at Faison, N.C., 1956-1959 


in 80 days, the planting date would have been about 
April 25. 

Oviposition on both varieties, in 1959, approached or 
reached zero at the bottom of the curve (fig. 1); yet, the 
reached zero on 


average number of larvae at no time 


either variety during the season (fig. 2). This was un- 
doubtedly 
sampled for eggs. 

Inasmuch as the mean temperature at Faison for the 


because insufficient numbers of ears were 


period December through Fe saggy did not fall to the 
specified by Dicke (1939) as effective in 
reducing the numbers of earworms it following year, no 


30 degree F. 


effect would be expected from this climatic factor (fig. 4). 
Over the 4-year period of observations, the winter rainfall 
increased generally and the annual earworm population as 
represented by oviposition per ear decreased generally. 
Some of the resistance of Golden Regent is attributable 
to its minimal attractiveness to earworm moths for ovi- 
position (figures 1, 2, and 3). Infestation by eggs and 
injury of Golden Regent was usually 
exceeded that of Stowell’s Evergreen throughout the 
season. At only one time, July 1, did the larval infestation 
of Golden Regent exceed that of Stowell’s Evergreen. At 
injury by the corn 


below and never 


no time during the season did the 
Golden Regent variety exceed that on Sto- 
well’s Evergreen variety. Therefore, the differential of 
varieties was projected through the 


earworm on 


oviposition on the 
larval infestation and into the extent of injury of the ear 
In July, 


Golden Regent was 0.9 day shorter than for the same 


1959, the average silking period for 25 ears of 
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number of ears of Stowell’s Evergreen (table 2). There- 
fore, the differential in oviposition between the two 
varieties was not caused by a difference in duration of 
exposure of the silks to the moths, but by some differen- 
tial ‘attractiveness factor” in the two varieties. 

U.S. Fancy grade sweet corn must be free from worms 
and insect injury and the ear cannot be clipped (Lennart- 
son 1954). At no time during the season did the number of 
worms or the amount of injury of either variety go to 
zero (figures 2 and 3). Hence, U. S. Faney grade sweet 
corn could not have been produced at Faison in 1959 


without the use of an insecticide. 
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Resistance to Chlorinated Hydrocarbon Insecticides in the 
Kye Gnat, Hippelates collusor' 


G. P. Georaniou and M.S. Mutua, University of California Citrus Experiment Station, Riverside 


ABSTRACT 


Populations of Hippelates collusor (Townsend) collected in 
1960 in the Coachella Valley and in Orange County of southern 
California were « ompared by a contact method for susceptibility 
to dieldrin, lindane, DDT and parathion. The Coachella Valley 
population demonstrated nearly complete immunity to dieldrin 
and resistance factors of 50% and 11X to lindane and DDT, 
respectively A Coachella Valley population collected in| 1957 
and reared in the laboratory without further exposure to insecti 


In a previous paper the authors presented a method for 
the laboratory evaluation of insecticides against adult 
Hippelates eye gnats, and gave the result 0% ‘ests with 21 
insecticides, mostly organophosphorus compounds (Greor 
ghiou & Mulla 1961). These tests indicated limited 
efficiency of DDT and dieldrin against adults of ippe 
lates collusor (Townsend) and suggested the possibility of 
resistance in the population tested. The colony used in the 
above tests had been established in 1957 from gnats 
collected in the Coachella Valley, California, and was 
reared in the laboratory for more than 25 generations 
without exposure to insecticides. Before their colonization, 
however, the gnats had undoubted|y heen exposed to the 
insecticides used in the agricultural soils in which they 
normally breed and on the crops grown in these soils. 

In view of the implications that the development of 
resistance might have on the present and future status of 
eve gnat control, a study was undertaken to investigate 
the possibility and extent of insecticide resistance in the 
Coachella Valley population of /7. collusor. 

MaArertats AND Metuops.— In the absence of informa 
tion on the susceptibility levels of H. collusor to dieldrin 
and DDT before the widespread use of synthetic organic 


cides, was found in 1960 to have evidently retained nearly com- 
plete immunity to dieldrin and 15- and 2-fold levels of resistance 
to lindane and DDT, respectively. Susceptibility to parathion 
was almost identical in all populations tested. Resistance to 
chlorinated hydrocarbon insecticides in the Coachella Valley 
population is a consequence of the widespread use of insecticides 


in agricultural soils in which the species normally breeds. 


insecticides in the Coachella Valley, the present levels of 
susceptibility were compared with a population of the 
species collected in 1959 from an untreated area near the 
town of El Toro, Orange County, California. The 
Coachella Valley population is designated as C.V.C. 
(Coachella Valley collusor) and the El Toro population as 
0.C.C, (Orange County collusor). There are no apparent 
morphological differences between the two populations, 
and the fact that they belong to the same species was 
further substantiated by laboratory crossings which re- 
sulted in the deposition of fertile eggs. It should be 
mentioned, however, that while the C.V.C. population 
inhabits a characteristically desert environment with 
extremes of temperature and low humidity, the O.C.C. 
population is found in a milder environment with moder- 
ate temperature and humidity. The two areas are well 
isolated by a mountain range. Isolation and the contrast- 
ing environment may have resulted in the selection of 
ecotypically distinct populations. These factors, however, 


Paper No. 1285, University of California Citrus Experiment Station, 
Riverside, California. Studies partially supported by a grant-in-aid from the 
Coachella Valley Mosquito Abatement District, Riverside County, California 
Accepted for publication February 10, 1961 
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Table 1.—Contact LC;, values for three species of Hippelates eye gnat adults exposed for 60 minutes to deposits of vari- 


ous insecticides in Erlenmeyer flasks." 





ORIGIN (CALIE AND 
Yrar or CoLLecrion 


SPECLES Ot 


Hippe lates 


POPULATION 


colluso: (C.V.C Coachella Valley, 1957 Laboratory 
collusor (CLV.C Coachella Valley , 1960 Field 
collusor (O.C.C.) Orange County, 1959 Laboratory 


collusor (O.C.C. Orange County, 1960 Field 
robertsont Orange County, 1959 Laboratory 


pusio Orange County, 1959 Laboratory 


LCso IN MtcROGRAMS PER CM.2 OF TREATED SURFACI 


(sENERATION 


TrestTeD Dieldrin Lindane DDT Parathion 
Fos > 100 0.26 0.39 0.0073 
> 100 0.85 2.6 0.014 
Fs. 0.012 0.017 0.23 0.0048 
0.015 0.0073 
Fi 314 0.02 - 0.019 0.41 
F 0-1 0.011 





* Tests performed in March April, 1960 
All laboratory populations were reared without exposure to insecticides 


cannot account for pronounced differences in susceptibil- 
ity toa given insecticide. 

The present tests were performed on the 39th and 
40th generations of the C.V.C. (1957) colony and on the 
fifth and sixth generations of the O.C.C. (1959) colony, as 
well as on 1960 field populations of C.V.C. and O.C.C. 
The field populations were collected in traps containing 
r bait and were tested during the subse 


fermenting eg 
7 


wy 


quent 2 to hours. During this period they were fed 
dry proteinaceous food as provided the laboratory colo 
nies and were kept under identical conditions of tempera 
ture and humidity. Comparative data are also presented 
on the susceptibility of laboratory colonies of [. robertsoni 
Sabrosky and //. pusio Loew, from El Toro, California. 
These species were reared in the laboratory for 10 to 14 
generations prior to testing. 

The testing procedure (Georghiou & Mulla 1961) con 
sists of exposing groups of twenty-five 3- to 5-day-old 
gnats for | hour to known deposits of insecticides in 
25-ml. Erlenmeyer flasks held under two 18-inch 15-watt 
fuorescent lamps at 88+2° F. Phe insects are subse 
quently placed ina dark cabinet at 80° F. and 7007 relative 
humidity. Mortality counts are taken 2 hours after 
exposure to the toxicants. 

Previous tests showed that the addition of 10 we. of a 
nontoxic spreader (a chlorinated biphenyl! compound) in 
the flasks enhanced the toxicity of DDT deposits, appar- 
ently by improving spreading and increasing contact with 
the insects. This spreader was used in all tests reported 
here. 

Each treatment was replicated on at least four different 
dates. The average percentage of mortality in probits 
was plotted against the log of the dosage, and the regres- 
sion lines were fitted by eye. 

Resucts. The dosage-mortality lines obtained with 
dieldrin, lindane, DDT and parathion are given in figure 
1. The LC so values are summarized in table 1. 

Dieldrin exhibited a high degree of efficiency against 
the laboratory and field populations of O.C.C. as well as 
against H/. robertsoni and IT. pusio. There was but little 
difference in the LCs9 values obtained, which ranged from 
0.011 to 0.02 ug. per em.* of treated area. Dieldrin was, 


Fig. 1.—Dosage-mortality regression lines for dieldrin, 


however, ineffective against the laboratory and _ field 
populations of C.V.C.; 50% mortality was not possible 
even with 100 ug. per em.*, a dose that leaves a visible 
deposit on the treated surface. 

Lindane also proved to be toxic against O.C.C. and 
IT. robertsoni, the LCs values for these being 0.017 and 
0.019 ug., respectively. However, the laboratory and 
field populations of C.V.C. indicated LC59 values of 
0.26 and 0.85 ug., respectively, ¢.e., resistance ratios of 
15- and 50-fold, respectively, as compared with the 
laboratory population of O.C.C. 

There was little difference in the susceptibility of the 
laboratory populations of C.V.C., O.C.C. and IH. 
robertsoni to DDT. However, the field population of 
C.V.C. indicated a 7-fold resistance compared with the 
laboratory C.V.C. and an 11-fold resistance compared 
with the laboratory O.C.C. 

The susceptibility levels of the laboratory populations 
of the C.V.C. and O.C.C. to parathion were nearly 
equal (LCs) values of 0.0078 and 0.0048 ug., respectively). 
The field population of C.V.C. showed an LC59 value of 
0.014 ug. as compared with 0.0073 ug. for the field popula- 
tion of O.C.C. but this difference cannot be regarded as 
induced tolerance to the insecticide. 

Discussion. Both the laboratory and the — field 
populations of the C.V.C. exhibited a high degree of 
resistance to dieldrin, the majority of the adults being 
able to survive 1-hour contact exposure to visible deposits 
of this insecticide. On the contrary the O.C.C. popula- 
tion was very susceptible to dieldrin, showing an LC 5 
value only twice as high as that obtained with parathion 
(table 1). It is assumed that the resistance in the C.V.C. 
(1957) strain was already present in the population at the 
time the colony was established. It is noteworthy, there- 
fore, that resistance to this compound was not lost in 
spite of 39 generations of rearing in the laboratory without 
exposure to the toxicant. Long persistence of dieldrin 
resistance after cessation of selection pressure, has also 
been observed in house flies (.Wusea domestica L.) at the 
Citrus Experiment Station, Riverside (R. B. March, 
unpublished data). 

The 1960 field population of C.V.C. also shows high 


lindane, DDT and parathion against various strains 


of H ppelates collusor, H. roberisoni and H. pusio adults. 
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Table 2.—Crop acreage in the Coachella Valley, California, 
during 1945-59 and acreage treated by the Coachella Valley 


Mosquito Abatement District for eye gnat control. 
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Area TREATED BY ABATEMEN1 
District! 


Crop 
YEAR ACREAGE" Acres Insecticide 
1945 18,933 
1952 13,828 1,160 aldrin 
1953 16,110 2,151 aldrin 
1954 47 346 980 aldrin 
1955 52,555 3,980 aldrin 
1956 47 465 3,614 aldrin 
1957 19 905 8,000 DDT 
1958 56,782 5,125 DDT 
1959 54,094 13,818 DDT 





® Data obtained from Agricultural Commissioner, Riverside County. Cali 


fornia 
® Coachella Valley Mosquito Abatement District, unpublished data 


resistance to lindane, although the resistance to dieldrin 
is higher still. Likewise, the 1957 C.V.C. strain. still 
exhibits a 15-fold level of resistance to lindane, in com- 
parison with the O.C.C. population. It has, however, 
one-third the resistance of the 1960 C.V.C. field popula- 
tion. The difference in resistance to lindane in the two 
C.V.C. populations may be attributed to regression of 
resistance in the laboratory population since its coloniza- 
tion in 1957; it may, however, be due also to further in- 
crease in resistance in the field population since 1957. For 
the same reasons resistance to DDT is now negligible in 
the 1957 C.V.C. strain, but is 11-fold in the 1960 C.V.C. 
field population. 

It will be observed that the LC, 
exhibited by the field population of O.C.C. was only 
slightly higher than that exhibited by the laboratory 
population of O.C.C. (0.015 and 0.012 yug., respectively). 
These results indicate that a valid comparison may be 
made between the susceptibility levels of laboratory and 
field populations by the testing method employed, pro- 
vided, of course, that a sufficiently large number of 


value for dieldrin 


replications is run. The greater slope of the dosage- 
mortality regression lines obtained with the field popula- 
tions is attributed to such factors, in addition to resist- 
ance, as greater variability in age, body weight and 
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general vigor of the test insects. 

Resistance to dieldrin, lindane and DD'T in //. collusor 
in the Coachella Valley, California, is a natural conse- 
quence of the widespread use of pesticides in the area, 
Large amounts of insecticides, especially chlorinated 
hydrocarbons, have been used in postwar years in keeping 
with the great expansion of crop acreage from 18,933 
1945 to 56,782 in 1958 (table 2). Most of the 
crops in the area are treated with insecticides. DDT has 


acres In 


been used widely on cotton, grapes and certain truck crops 
against a variety of pests and is still used on sweet corn 
for corn earworm control, and also on cotton. Toxaphene 
has been and is still used regularly on cotton. Dieldrin 
has been used on citrus for thrips control. Although these 
treatments are applied to plants directly, a certain 
amount of the insecticide undoubtedly reaches the soil 
either at the time of application because of drift or run- 
off, or when the crop residues are plowed under. 

Large areas of agricultural land have also been treated 
with soil insecticides by the Coachella Valley Mosquito 
Abatement District for direct eye gnat control (table 2). 
These treatments consisted of aldrin (2 to 3 Ib./acre 
during 1952-56 and DDT (15 lb./acre) during 1957-60. 
Although the treated acreage comprises only a fraction of 
the total agricultural land of the area, it includes most 
date groves where a good deal of the eve gnat breeding 
takes place. Since aldrin is converted in the soil to its 
1958) 


exhibits high biological activity against eye gnats (table 


epoxide, dieldrin, (Gannon & Bigger which also 
1), it is certain that these treatments have contributed 
substantially in the development of dieldrin resistance in 
IT. collusor. Such aspects of the biology of the species as 
soil-inhabiting pre-imaginal stages, which ensure pro 
longed exposure to the toxic residues and a large number 
of generations per year, have undoubtedly enhanced the 
rate and extent of resistance development. 
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The Efficiency of a Polyhedrosis Virus and Bacillus thuringiensis 


for Control of the Cabbage Looper on Cauliflower 


Maurik Seme, Long Island Vegetable Research Farm, Riverhead, N. } 


ABSTRACT 


In experiments conducted during 1959 and 1960 sprays of 
polyhedrosis virus suspensions were found to be highly effective 
for control of the cabbage looper, Trichoplusia ni (Hbn.). Dip- 
ping of cauliflower seedlings in a dilute suspension of virus ma- 
terial gave a measure of protection, but did not prevent eco- 
nomic damage to the growing plants. Bacillus thuringiensis 
Berliner used as a spray or dip was markedly inferior to the 
virus. Economical and effective control of the cabbage looper 
by commercial application of virus sprays is indicated. 


of the Entomological Sox 


Noteworthy progress has been made over the past few 
years in evaluating the efficacy of microbial substances 
for control of lepidopterous larvae attacking cruciferous 
crops. Among the most promising of these agents have 
been the polyhedrosis virus of cabbage looper, Tricho- 
(McEwen & Hervey 1958), and the 
Berliner, a highly in 


plusia ni (Hbn. 
bacterium, Bacillus thuringiensis 


Presented in part at the Thirty-first Annual Meeting of the Eastern Branch 
iety of America in Atlantic City, N. J., October 29-30 


1959. Accepted for publication February 10, 1961 
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Table 1.—Average number of apparently healthy Trichoplusia ni larvae per five plants at indicated number of days follow- 


ing treatment. 1959. 





NUMBER OF LARVAE 


After Days Indicated 





TREATMENT Pretreatment 2 t 7 10 15 20 25 30 40 
Virus 25 36 49 66 70 19 t 0 2 6 
Virus +B. thuringiensis, + lb.* 20 34 19 70 64 24 5 2 0 8 
Virus +B. thuringiensis, + |b 32 4] 56 58 58 28 7 3 3 | 
B. thuringiensis, 4+ Ib. 21 31 16 83 89 80 28 22 14 18 
B. thuringiensis, + \b.' 20 b+ 16 59 86 70 33 30 18 21 
3. thuringiensis, 2 \b 18 38 tS 79 94 86 39 27 12 a4 
B. thuringiensis, 2 \b 28 13 55 87 107 112 ‘1 36 23 31 
Check 19 36 50 98 124 139 170 186 123 90 
® B. thurin wettable powder, product of Nutrilite Products, Incorporates 
» B. th wettable powder, product of Rohm & Haas Company 


fectious parasite of the imported cabbageworm, Pieris 
rapae (L.) (Tanada, 1956). Whereas the polyhedral virus 
under study was not found to affect the imported cab- 
bageworm and was considered to be specific for the 
cabbage looper (Semel 1956), B. thuringiensis is known to 
attack a number of hosts (Hall & Dunn 1958). 

Since the cabbage looper and the imported cabbage- 
worm are generally of prime concern to producers of cole 
crops on Long Island, a limited field experiment was con- 
ducted in 1959 to evaluate the pathogenicity of sprays of 
B. thuringiensis and polyhedrosis virus, singly and in 
combination, against these two insects. In 1960 an addi 
tional test was undertaken to determine whether it is pos 
sible to initiate artificially an epidemic of either one o 


both of these diseases by treating cauliflower seedlings 
with water suspensions of these pathogenic agents at the 
time of transplanting. Populations of the imported cab- 
bageworm failed to materialize during the course of the 
experiments in both seasons. The data recorded herein, 
therefore, pertain solely to the cabbage looper. 

Mertuops aNnp Marertars.-In the 1959 experiment 
hacterial 
sources. These were wettable powders from the Rohm & 


spore preparations were obtained from two 
Haas Company and from Nutrilite Products, Incorpo 
rated, and contained 25 and 150 billion viable spores per 
gram, respectively. Both powders wetted easily on mixing 
with water but the suspensions required constant agita 
tion and shaking to prevent settling out. Each formula 
2 and + pounds per acre 
of the 


powders. In addition the higher dose of each bacterial 


tion was applied at the rate of 
irrespective of the viable spore count wettable 
preparation was used in combination with virus material. 

The virus concentrate, comprised of cadavers of virus 
killed larvae collected in the fall of 1956, had been stored 
in the freezer compartment of a 
No 


volved. It was thus possible to determine both the potency 


at approximately 20° F. 
household refrigerator. further treatment was in 
of the virus and its 3-vear “shelf life.” The virus spray 
was prepared by melting the equivalent of one late-instar 
larva and mixing it thoroughly in 500 milliliters of dis 
tilled water. The mixture was passed through a cotton 
filter to remove the gross particulate matter. A 50-milli 
liter aliquot of this suspension was used to make up each 
gallon of spray. Thus, the equivalent of 10 diseased larvae 


was disseminated in applying 100 gallons of spray per 


acre. No effort was made to determine the actual number 
of virus polyhedra applied. 

The treatments were applied on August 19, approxi- 
mately 1 month after transplanting. Cross contamination 
of plots was cautiously avoided by utilizing an additional 
13 gallon compressed-air sprayer for each treatment in 
which a different pathogenic substance was used. Plants 
treated with both virus and bacteria were sprayed ini- 
tially with one material, given time to dry completely, 
and then sprayed with the second using another sprayer. 
Care was taken to spray upper and lower leaf surfaces. 
Check plots were treated with water. Triton B-1956 was 
included as a wetter-spreader in each treatment at the 
rate of one-third pint per acre. 

The treated plots were randomly distributed in each of 
three replicates, each plot consisting of 10 cauliflower 
plants. The plots were buffered laterally by 4 rows of un- 
treated plants (114 feet), and within the row, by 10 un- 
treated plants (approximately 20 feet). Prior to the 
differential applications the entire block was treated with 
demeton at the rate of one-fourth pound actual per acre 
for aphid control. The treatments are listed in table 1. 

The effect of treatment was determined by examining 
five plants in each plot at various intervals over a period 
of 40 days and counting the number of apparently healthy 
larvae thereon. The same plants were examined at subse- 
quent dates. The leaves were carefully manipulated so as 
not to shake loose any of the larvae. This procedure was 
tedious and not entirely successful in preventing the dis- 
lodgement of a number of larvae, but it is believed that 
the count obtained was reliably indicative of the effective- 
ness of the treatments. The final enumeration, on the 40th 
day after treatment, probably accounted for ali larvae 
since the plants were harvested and completely dissected. 

The formulations used in the transplant-dip treatments 
of 1960 were prepared by mixing either of the following 
substances in 5 gallons of water containing 3 milliliters of 
Triton B-1956: (1) B. thuringiensis wettable powder, 
containing 75 10° spores per gram (Rohm & Haas), 45 
grams; or (2) body contents of one macerated, virus- 


‘ 


killed cabbage looper larva. The transplants were treated 
by dipping the above-crown portion in one or the other of 
the mixtures. In this manner 240 plants were treated with 
bacteria and an equal number with virus the day of trans- 
planting (July 27). The remainder of the block consisted 
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Table 2.—Average number of apparently healthy Tricho- 
plusia ni larvae per five plants at various intervals after 
treatment. 1960. 





NuMBER OF LARVAE ON 


TREATMENT 8/15 8/21 8/29 9/3 
Untreated 327 120 695 233 
Virus-sprayed 265" 260 9] 57 
Virus-dipped 188 363 390 196 
B. thuringiensis-dipped 236 399 564 236 





® Pretreatment 


of an untreated control and a spray treatment of a virus 
suspension applied at the rate of two virus-killed larvae 
per acre. The spray was applied with a compressed-air 
sprayer of the type used in 1959. No other insecticidal] 
treatment was made during the course of the experiment. 
The experimental block was replicated four times. Each 
replicate was divided into four plots consisting of two 30 
foot rows of cauliflower spaced at 2-foot intervals in the 
row. The plots were separated from each other by buffer 
zones of Sudan grass which had been seeded a month prior 
to transplanting. These zones were 8 feet and 16 feet 
wide between and in the rows, respectively. Because of 
the difficulty encountered in making larval counts on the 
same unharvested plants at each examination date in 
1959, the data in the 1960 experiment were obtained by 
examining previously undisturbed plants at each subse 
quent count. These were thoroughly inspected and later 
discarded. 
RESULTS. 
lation between the time of application and the 7-day 
examination. These data are shown in table 1. All larval 
instars are included in these data. Larval numbers levelled 
off in the virus-treated plots on the 10th day, whereas this 
was delayed until the 15th day in the bacteria-treated 
plots. In the check plots there was a continuous rise until 
the 25th day before a decline occurred. Temperatures had 
dropped from a mean of about 75° F. during the first 25 
days to a mean of about 62° F. during the interval be 
tween the 25- and 30-day examinations. During the latter 
period a considerable decrease in egg-laying activity oc 


In 1959 there was a buildup of larval popu 


curred, and many of the larvae pupated. 

The first signs of virus disease were observed on the 
fourth day after treatment in the virus-sprayed plots. 
Bacteria-infected larvae were observed in the B. thurin 
giensis plots on the seventh day. The presence of this 
organism was substantiated by laboratory diagnosis. 
Virus-affected larvae were not found in the check plots 
until the 25th day. Signs of bacterial infection were never 
observed in either the check or virus-treated plots. It is 
assumed that the bacterial organism failed to spread from 
the initial loci of infection in the bacteria-treated plots or 
that the presence of bacterial infection was masked by the 
predominating effects of the virus. 

Although the number of larvae was high in all plots on 
August 29, foliage damage was not severe since most of 
the larvae were in their early instars and leaf feeding was 
confined to the lower leaf surfaces. However, 5 days later 
injury had reached a serious level in the untreated plots 
and was moderately severe in the B. thuringiensis plots. 
For all practical purposes the virus-treated plots remained 


JOURNAL OF ECcOoNoMK 


ENTOMOLOGY Vol. 54, No. J 


uninjured. This condition persisted throughout the re- 
mainder of the test period. There were indications that 
additional virus treatment may have been necessary at 
the end of the 40-day period because of rising larval 
count. The increase took place in all but the check plots. 
The drop in numbers of larvae in the check plots at the 
close of the test period was probably due to the influence 
of larval population density and the resultant heavy virus 
contamination of larval food (Jacques 1960). 

Larvae of the cabbage looper were extremely abundant 
in the experimental block in 1960 (table 2). At the time 
the virus spray was applied, on August 15, there were 
approximately 53 larvae on each plant, and plant injury 
was already in evidence. The first signs of virus infection 
were noted in the virus-sprayed plots on August 20. 
Fight days later virus infection was observed in all other 
plots. It is not known whether this was a result of disper- 
sion from the original points of inoculation in the virus 
plots, or from the occurrence of natural infection. It is 
believed that the former is more likely since virus infec 
tion was found in all of the virus-sprayved plots before any 
sign appeared in the remaining plots. There were indica- 
tions that the virus-dip treatment had given a modicum 
of control up to the date when the first counts were taken 
although virus-diseased larvae were not observed in these 
plots. However, the steady climb in larval population was 
not reversed as in the case of the virus-spray treatment. 

When final observations were made on September 3, 
the larval population was rapidly declining. A_ virus 
epizootic was underway in the entire block. At this time 
20 plants in each plot were examined for leaf-feeding 
injury and rated according to the amount of injury 
sustained. None of the plants had escaped considerable 
injury but it was clearly evident that the plants in the 
virus-sprayed plots were significantly less injured. It is 
probable that the injury in the latter plots could have 
been avoided by more timely application of the virus 
spray. 

Discussion. The results obtained in 1959 and 1960 
lend further credence to previous views of the author and 
others that the ‘cabbage looper can be effectively and 
economically controlled with spray applications of the 
polyhedrosis virus. Although natural outbreaks of the 
disease occur each year on Long Island, in most instances 
the epidemic does not occur until a major portion of the 
commercial cruciferous acreage has experienced consider 
able damage. The results support the conclusion that 
premature initiation of a virus epizootic is feasible 
Apparently, dispersal of the virus by the spray method 
assures a rapid and uniform distribution of the pathogenic 
virus fraction. This was clearly demonstrated in both 
seasons by the advance occurrence of the disease in the 
virus-sprayed plots. Because of the ease with which infee 
tive material may be produced, harvested and stored, and 
the low concentration required, a program of control of 
the cabbage looper utilizing polyhedrosis virus sprays 1s 
considered practical, 

Dip-ireatment of cauliflower at the time of transplant 
ing was ineffective in preventing severe foliage damage 
although some control was afforded. It is possible that the 


dosage was too low initially, or that much of the infective 


2 Determination made by Nutrilite Products, Incorporated 
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material was weathered from the plant prior to the start 
of larval activity. Precipitation of 1.85 inches during the 
first 4 days following treatment may have washed and 
diluted the infective residue so that the plants were 


insufficiently protected. Further testing with higher 
dosages is desirable. 

With the finding that B. thuringiensis is not highly 
effective or easily self dispersed after being introduced 
artificially, it is highly improbable that this agent can be 
relied on to give adequate control of the cabbage looper. 
Neither is it indicated by the data presented herein that 
combinations of polyhedrosis virus and B. thuringiensis 
are worthwhile, or necessary, for looper control as sug 
gested by Hall & Dunn (1958) and McEwen & Hervey 
(1959). 
companion problem, however, the use of this combination 


In the event the imported cabbageworm is a 


may be advantageous. 

Much remains to be done regarding the timing of spray 
applications of virus for the most effective results. Little 
is known about the effects of various meterological condi- 
tions on the incidence, infectivity, and dispersion of the 
pathogenic agent. With the information available it is 
suggested that virus sprays be applied early in the season 
as soon as the first looper eggs begin to hatch and again at 
the time when it is no longer advisable to use many of the 
highly toxic insecticides because of the residue hazards 
involved. It is further suggested that the virus sprays be 
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used in conjunction with effective chemical agents until 
such time when many of the unknown factors affecting 
the efficiency of the viral agent have been resolved. 

It is highly probable that the polyhedrosis virus of 
cabbage looper is nonpathogenic to mammals. ‘The 
specificity of most insect viruses for a particular arthro- 
pod host would seem to assure this. However, mammalian 
toxicological studies are necessary before full-scale com- 
mercial application is recommended. 
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Kcological Studies on Oribatid Vlites with Particular Reference to 
Their Role as Intermediate Hosts of Anoplocephalid Cestodes' 


J. A. Wattwork and J. G. Roprigurz,? University of Kentucky, Lexington 


ABSTRACT 


Results are given of a preliminary survey of the Oribatei of a 
sheep pasture and a cow pasture at the University of Kentucky 
Experiment Station Farm with particular reference to the dis 
tribution of two known intermediate hosts of the sheep tape 
worm, Moniezia expansa, namely, Galumna virginiensis Jacot 


Koch 


ter and mineral soil were taken at 7 a.m., 1 p.m., 


and Scheloribates laevigatus Samples of vegetation, lit- 
and 5 p.m 
from both pastures over a period of 2 months during the summer 
of 1960, 

The two pasture communities showed differences in’ struc- 
ture. G.4 rgiNniensis and S. laer:gatus were the dominant species 
in sheep pasture; Phenopelops u.sp. was the dominant form in 
cow pasture. Vertical distribution of oribatid mites showed a 
sunilar pattern in both pastures in that the greatest accumula 


tion occurred in the surface litter with a smaller, but substantial, 


Work is underway in evaluating macrochelid mites as 
potential predators of house fly (Musca domestica L. 
eggs in the field. During one phase of this general study, 
samples of vegetation and soil were taken from sheep and 
cow pastures. Macrochelids were extracted from these 
samples together with other mesostigmatid and oribatid 
mites. The present report deals with the oribatid fauna of 
these pastures. Emphasis is placed on distribution of two 
species of oribatid, namely, Galumna virginiensis Jacot 
and Scheloribates laevigatus (Koch), in relation to their im 


portance as intermediate hosts of anoplocephalid cestodes. 


percentage in the pasture vegetation. G. virginiensis was the 
most Common species in sheep pasture vegetation, representing 
10% to 55% of the total number of Oribatei throughout the 
day. There is no evidence to indicate that numbers of this species 
decreased markedly in the vegetation during the day. S. laevigatus 
was commonly found in sheep pasture vegetation during the 
early morning but lower numbers were recovered later in the 
day 

\ possible measure previously suggested by a Polish worker 
to control the incidence of M. expansa in sheep, by restricting 
grazing periods to times of the day when potential oribatid 
hosts are in low densities in vegetation, is not applicable to the 
present situation because G. rirginiensis remains at a relatively 


high density in sheep pasture vegetation throughout the day. 


At least 30 species of oribatid mite have been impli- 
cated in the life histories of nine species of anoplocephalid 
cestode which infest mammals, particularly sheep and 
cattle. Rajski (1959 
known as intermediate hosts of each of the nine species of 


lists the various species of mite 


Phe investigation reported in this paper is in connection with a project of 
the Kentucky Agricultural Experiment Station and is published with approval 
f the Director. This study was sponsored in part by National Institutes of 
Health Grant No. E-2770 to the junior author. Accepted for publication Febru 
ry 10, 1961 

Assistant Professor, Department of Zoology, and Associate Professor, De 
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Table 1.—The densities of Oribatei in sheep and cow 
pastures and the vertical distribution of this group in three 
sampling zones. 





SHeer Pasturt Cow Pasturt 


Avg. per Avg. per 
GROUPS Sample — Per cent Sample — Per cent 
Total Acarina 

Oribatei 8.9 5 2.6 5l 
Others 1.6 15 2.5 1) 
Sampling zone Oribate: 

l §.3 22 2.3 30 

2 18.0 76 §.3 70 

3 0.5 2 0 0 





cestode and describes some prophylactic measures pres 
ently being used in Russia. 

Interest has centered mainly on helminthological 
aspects of this problem, and little detailed knowledge is 
available concerning the biology of the oribatid mites in 
the United States. Kates & Runkel (1948) reported differ- 
ences in species composition of oribatid mites in three 
sheep pastures in different parts of the United States. 
Edney & Kelley (1953) found no correlation between the 
size of collections of Galumna virginiensis and weather 
conditions in a Kentucky sheep pasture. These workers 
suggested that geographical differences in species com- 
position may be due to such factors as climate, vegeta- 
tion, grazing history and feeding habits of mites. They 
found no relationship between numbers of mites collected 
and seasonal and temperature conditions within a given 
sampling locality. 

Meruops’anp Procepurn.—-The sheep and cattle 
pastures selected for this study are located in the Uni 
versity of Kentucky Experiment Station Farm at Lexing 
ton, where infestation of sheep by the cestode Moniezia 
expansa has been a serious problem in recent years. The 
two pastures are separated by a distance of about 200 
yards. The soil type is a Maury silt loam. 

The sheep pasture was seeded with orchard grass and 
bluegrass some years ago, although biuegrass now pre- 
dominates. It comprises two fields, each 4 acres in size, 
which have been used as sheep pasture during spring and 
summer for more than 10 years. The number of sheep 
grazing on this pasture ranges from 40 to 75 animals. 

Ground vegetation in the dairy cow pasture consists 
mainly of bluegrass with some Kentucky 31 fescue where 
the soil is very shallow. This pasture consists of a single 
5-acre field which had been used for dairy calves until 2 
years ago. 

Series of samples were taken from the sheep and cow 
pastures at intervals of approximately 10 days from early 
July to early September 1960. The sampling periods 
normally extended over 2 or 3 days. Unit samples meas- 
ured 6 inches in diameter; the pattern used was a square 
Masonite panel with a 6-inch hole cut in the center. The 
panel was placed at random in the sampling locality, and 
the grass was extended through the hole. Three distinct 
zones were sampled: (1) grass extending from 1 inch above 
the Masonite panel (zone 1), (2) the turf plug containing 


Vol. 54, No. 4 


about 1 inch of grass and about 1 inch of organic matter 


of the pasture floor (zone 2 


, and (3) grass roots and top 
soil to a depth of 2 inches (zone 3). These three zones 
comprise one set of samples. 

Three sets of samples were taken from each pasture 
during the day, namely, one set each at 7 a.m., 1 p.m. and 
5 p.m. Samples were placed separately in plastic bags 
and taken to the laboratory where they were placed in 
Tullgren-type funnels for 24 hours. Mites were recovered 
in plastic containers and preserved in 70[% alcohol. The 
results are based on 70 samples taken from sheep pasture 
and 75 samples taken from cow pasture. 

Resuits..-Numbers of Oribatei exceeded those of the 
other groups in both pastures; but whereas this difference 
was marked in the sheep pasture it was only slight in the 
cow pasture (table 1) 

The sheep pasture contained 13. different species of 
Oribatei; the cow pasture contained eight different spe 
cies. Species lists for the two pastures are as follows: 
Platynothrus pe ltifer (Koch 


Sheep pasture Oppia nova 


Oudms Cultroribula diverge ns Jacot: Tectoce phe us velatus 
Mich); Oribatula  suramericana Hammer; Zygoribatula 
rostrata Jacot: Scheloribates laevigatus Koch Phe No pe lo ps 


n.sp.; Galumna virginiensis Jacot; Galumna currum Ewing; 
Pseudotritia ardua (WKoch delba n.sp 
Platynothrus peltifer Kor h Oribatula 


strata Jacot; Schelori 


Pergalumna sp.; 

Cow pasture 
suramericana Hammer; Zygoribatula r 
hates laerigatus (Koch); Pheno pe 


sis Jacot; Galumna curvum Ewit 


) 
Y H.Sp., Galumna t rginien 


Perqalumna sp 


The characteristics of each of the pasture communities 
can be ascertained by calculating the frequency and 
dominance numbers for the constituent species (Haarloy 
1960). 

The frequency number of a given species is defined as 


the percentage occurrence in a series of samples, or: 


Number of 


samples in which the species occurs 
100 
Potal number of samples in a series 


This statistic is, to some extent, independent of the 
amount of “clumping.” 

The dominance number relates the size of population 
of a given species to the sum of the population sizes of the 
remaining species in the community, or: 

Total number of individuals of a given spect 

100 
individuals of all species 


Total number o 


This statistic is dependent upon the abundance of a spe 
cies and therefore is affected by the amount of “clump 
ing.” 

Frequency and dominance numbers for species in the 
two pastures are given in table 2. Species densities (ex 
pressed as average numbers per sample) are included in 
table 2 merely to indicate the order of size of populations 
in the pastures. It is clear, in most cases, that a high fre- 
quency number is associated with a high dominance (and 
density) number and vice versa indicating the absence of 
a high degree of aggregation 

The species with the highest dominance number (here 
after called the dominant species) in sheep pasture is 
Galumna DITGULIENSIS. This is closely followed by Schelori 


lhe identities of these species are uncert 
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Table 2.—Frequency, dominance, and density of oribatid 
species in sheep and cow pastures. 





Sueep Pasture Cow Pasture 


Fre- Domi Fre Domi 

SPECIES quency nance Density quency nance’ Density 
Platynothrus peltifer 1 0 0.04 5 11 0.29" 
Belba n.sp 1 0 0.01 
Oppia nova ' l 0.07 
Cultroribula divergens 1 0 0.03 
Tectocepheus velatus 10 t 0.30 
Oribatula suramericana 6 l 0.10 16 14 0.37 
Zygoribatula rostrata 6 2 0.16 5 5 0.13 
Scheloribates laevigatus 20 30 2.67* 3 $ 0.08 
Phenopelops n.sp $ 0 0.04 21 4 0. 89* 
Galumna virginiensis 47 47 4.24° 7 12 0.32 
Galumna curvum 14 7 0.66 13 16 O.41 
Galumna sp 7 1 0.07 1 0 0.01 
Pergalumna sp 17 6 0.53 + 5 0.18 
Pseudotritia ardua l 0 0.01 





* Significant at 5°) level (Bellinger's coefficient 


bates laevigatus, which may be regarded as a co-dominant 
or sub-dominant species. 

The dominant species in the cow pasture is Phenopelops 
n.sp. Characteristic species in this pasture are Oribatula 
suramericana and Platynothrus peltifer. Galumna virgini- 
ensis also occurs in some abundance, but has a low fre- 
quency, indicating that this species may have a localized 
distribution in the cow pasture. 

The question of whether these two pasture communities 
are really distinct, or whether they represent two aspects 
of a single continuous community, cannot be solved at 
this stage. It is perhaps significant that all the species 
found in the cow pasture were also found in the sheep 
pasture. However, the relative importance of certain spe 
cies, ¢.g., Galumna virginiensis, Scheloribates laevigatus, 
and Phenopelops n.sp., varies in the two pastures. A 
number of statistical tests have been devised to compare 
two or more geographically distinct communities (S¢ren 
sen 1948, Koch 1957, Fager 1957). For present purposes a 
simple index of comparison is used, namely that of Bellin 
ger (1954). This index compares the same species in two 
different localities on the basis of the numbers of indi 
viduals collected on Cc rresponding collection day s. The 
index is represented by the formula: 


where ais the number of times a species occurs in greater 
numbers in the first locality, and 6 is the number of times 
the same species occurs in greater numbers in the second 
locality. The value of X? is significant at the 5° level if it 
exceeds 3.84. This index suffers from the disadvantage of 
heing dependent upon abundance. It will reflect: signifi- 
cant differences provided that a given species has the 
same coefficient of dispersion (a measure of the amount of 
“clumping”’) in the two localities. It is used here to dem 
onstrate more clearly the apparent differences between 
the two pasture communities. Table 2 gives the results 
of this test for the more important species. 

Vertical Distripution.The vertical distribution 
pattern of Oribatet in the two pastures is determined from 
samples taken in three different zones, namely, (1) grass 
stems and leaves from 1 inch above the pasture floor, (2) 
organic matter on the pasture floor, (3) mineral soil to a 
depth of 2 inches, as previously described. Results of this 
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Table 3.—The vertical distribution of Oribatei in three 
sampling zones at 7 a.m., 1 p.m., and 5 p.m. in sheep and 
cow pastures. 





Sueep Pasruri Cow Pasture 


Avg. per Avg. per 
TIME ZONI Sample — Per cent Sample Per cent 
l 3.6 26 0.7 15 
7 am 2 10.0 74 $.0 85 
3 0 0 0 0 
l 6.5 25 2.0 24 
I p.m. 2 18.5 73 6.4 76 
i] 0.5 2 0 0 
l t.1 14 +. 1 62 
5 p.m. 2 23.9 82 2.5 38 
3 1.0 0 0 





analysis are given in table 1, where densities are expressed 
as averages of the number of samples taken in each zone. 
Table 1 shows that: 


1. Vertical distribution of Oribatei shows a similar pattern in 
both pastures 

2. Greatest accumulation of Oribatei occurs in the surface 
litter, in both pastures. 

3. Mites occur in a lower, but substantial, perceitage on 
grass stems and leaves in both pastures. 

t. Soil below the litter harbors very low populations of mites 


in both pastures 


DiuRNAL FLUCTUATIONS IN VerTICAL DiIsTRIBUTION. 
The results given in table 1 can be analyzed further, for 
samples of all three zones were taken at specific hours 
during the day, namely 7 a.m., 1 p.m., and 5 p.m, (table 
3). Density values represent average numbers of in- 
dividuals from samples taken in a given zone at a given 
time. The percentage values included in table 3 indicate 
the fraction of the total numbers in zones 1, 2, and 3, at a 
particular time. 

There was an increase in numbers of mites recovered 
from all three zones in the sheep pasture during the after- 
noon. This fact may be due to diurnal variations in hori- 
zontal distribution, although the existence or extent of 
these variations cannot be proved at this time. Their 
effect, if they exist, is to obscure any vertical movements 
which may be taking place. The collections indicate a 
higher proportion of the mite population in the vegeta- 
tion zone during the early part of the day than in late 
afternoon. The number of mites in zone 1 in the cow pas- 
ture was high during late afternoon, and represents more 
than half the total number in the profile at this time. 

A tentative determination of the distribution patterns 
of individual species has also been made. The results are 
shown in table 4, where density, frequency, and domi- 
nance values have been calculated for Galumna virginien- 
sis, Scheloribates laevigatus, and Phenopelops n.sp. Popu- 
lations of G. virginiensis in the vegetation zone in the 
sheep pasture maintained steady density and frequency 
values during the day. This species occurred frequently in 
the vegetation all through the day and represented 40% 
to 55°, of the total number of Oribatei in this zone. S. 
laevigatus represented 44°% of the total numbers of Ori- 
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Table 4.—The frequency, dominance, and density of three species of Oribatei in three sampling zones at 7 a.m., 1 p.m., 


and 5 p.m. in a sheep pasture and in a cow pasture. 





] . 
Galumna virginiensis 


Zone 
Timi CATEGORY l 2 3 
A. Shee; 

Frequency 40 83 0 

7 acm Dominance +t 15 0 
Density 1.6 1.5 0 
Frequency jt 64 10 

I p.m Dominance 1 60 7) 
Density 6 he 0.2 
Frequency 13 71 5 

5p.m Dominance a) 31 25 
Density 2.3 7.4 0.2 

B. Cou 

Frequency 0 0 0 

7 a.m Dominance 0 0 0 
Density 0 0 0 
Frequency 14 14 0 

I p.m Dominance 61 s 0 
Density 1:3 0.5 0 
Frequency 0 0 0 

5 p.m. Dominance 0 0 0 
Density 0 0 0 


Scheloribates laerigatus Phenopelops vn. sp 


Zone Zone 
| ) 3 l ? 3 
pasture 
20 67 0 0 ‘) 0 
tt 30 0 0 0 0 
1.6 3.0 0 0 0 0 
1d 13 0 0 0 0 
} $1 it) 0 0 0 
U2 wie 0 0 0 0 
14 71 25 1+ 14 0 
17 3 ju 3 | 0 
0.7 10.1 O05 oo] 0.38 0 
pasture 

0 0 0 17 67 iT) 
0 0 0 +O 50 0 
0 0 0 0.38 > 0 0 
0 14 0 lt 13 0 
0 7 0 7 19 0 
0 Ot 0 4 1.2 it) 
0 a iT) Is 17 0 
i) 0 0 86 60 0 
0 0 0 3.6 ee 0 





batei in the vegetation zone in the sheep pasture during 
the early morning. Later in the day, lower numbers of 
tilis species were recovered from this zone. Numbers of 
Phenopelops n.sp. recovered from zone 1 in the cow pas 
ture were relatively low during the morning and early 
during the late 
afternoon, when this species represented 86°. of the 
total numbers of Oribatei recovered. The results given in 


afternoon, but increased considerably 


table 4 for G. virginiensis and S. laevigatus in the cow pas 
ture, and Phenopelops n.sp. in the sheep pasture, are in 
conclusive. It is noteworthy, however, that G. virginiensis 
represented 61% of the total Oribatei present in the vege- 
tation zone in the cow pasture during the middle of the 
day, when the population of Phenopelops n.sp. was at its 
lowest density in this zone. 

Discussion.—Generally speaking, soil arthropods are 
not distributed at random. Many species tend to form dis 
crete aggregations or “clumps” (Raw 1956, Macfadyen 
1957, Haarlov 1960). Such aggregations are reflected in 
the variations in numbers of a given species within a series 
of samples. Variations of this nature were found in the 
present study, although the use of a large sample size 
would tend to reduce this variability somewhat. 

The effectiveness of a given species of oribatid mite as 
an intermediate host of anoplocephalid cestodes depends, 
to a large extent, on the abundance and distribution of 
the mite in the pasture profile. The intermediate host 
must occur frequently in the vegetation zone when the 
primary host (in this case, sheep) is feeding. The results 
given above indicate that these requirements were ful- 
filled by the two potential intermediate host species. G. 


virginiensis and S, laevigatus, in the sheep pasture. These 
two species comprised £407, to 8807 of the total numbers of 
Oribatei in the vegetation throughout the day. There was 
very little variation in the combined total numbers of 
these two species during the day. Rajski (1958) found that 
potential intermediate hosts of anoplocephalid cestodes 
were more numerous in vegetation in the early morning 
and late afternoon, in a cattle pasture in Poland. He sug- 
gests that cattle should be allowed to graze only during 
sunny weather after the dew disappears, to reduce the 
possibilty of infection by Moniezia. Results of the present 
study show that the numbers of individuals of G. virgin 
ensis remain high in sheep pasture vegetation throughout 
the day, and even during the middle of the day represent 
10°7 of the total Oribatei present in this zone. The re 
medial measures suggested above would probably not be 
effective in the present situation. It is quite possible that 
Rajski did not encounter G. virginiensis in his study, for it 
is not recorded in his publications. G PUTQLNLEHSIS occurred 
in the Kentucky cow pasture, and it is interesting to note 
that it was the dominant species in the pasture vegetation 
during the middle of the day. 

This short-term comparison between the oribatid mites 
of the two pastures serves to emphasize the relationship 
between the species composition of a community and its 
general pattern of distribution and behavior. Measures 
designed to control the incidence of Moniezia erpansa in 
sheep, by concentrating on the intermediate oribatid 
hosts, can be effective only if the composition, distribu 
tion, and behavior, of local populations of Oribatei are 


known. 
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Plant Characteristics of Phaseolus vulgaris Associated with Potato 


Leafhopper Nymphal Infestation! 


Dan WoLrensBarGcer and J. P. SLEESMAN 
Ohio Agricultural Experiment Station, Wooster 


ABSTRACT 


Common bean lines that are tall, are mosaic resistant, have 
seed that is either pink in color or mottled and striped, flower 
between 50 to 59 days, and mature in 105 to 114 days exhibit 
relatively lower potato leafhopper (Empoasca fabae (Harris 

nymphal infestation than those not described as above. Since 
low nymphal infestation is an index to resistance in the common 
Phaseolus vulgaris VL 


as criteria to use when selecting common bean lines resistant to 


bean , these characteristics are suggested 


potato le afhoppe r 


described sources of 


Wade (1937 


morphological genetic variation in plant organs of Phase 


and Freytag (1955 
olus vulgaris L. and diseussed the various genetic char 
acteristics with their Mendelian ratios. 

Dudley (1926) stated that snap beans were susceptible 
and pole types were highly susceptible to potato leat 
hopper (/’m poasca fabae (Harr. attack. In 
McFarlane & Rieman (1943) in) Wisconsin and ‘Tissot 
(1932) in Florida noted that the late maturing varieties 
were more resistant than the early maturing varieties. 
Wolfenbarger (1961) stated that the density of epidermal 
hairs is not associated with resistance to the potato leaf 


general, 


hopper. 
MATERIALS AND Metuops 
common bean lines were examined to determine whether 


Approximately — 1,250 


certain plant characteristics and disease indices could be 
associated with nymphal infestation in an attempt to aid 
breeders in breeding for resistance to the potato leaf 
hopper. Nymphal populations per trifoliate leaf were an 
index to resistance in beans and are closely correlated 
with hopperburn ratings (Wolfenbarger 1961). Nymphal 
infestations were recorded on eight sampling dates at 
Marietta and Wooster, Ohio, during the 1958-60 seasons. 
These were infestations compared with plant character 
istics and with disease damage ratings. 

Days to maturity (when 9007 of the pods were dry and 


brown) and to first flower were computed from the days 


when the lines were planted. Visual ratings of disease 
(common bacterial blight, Nanthomonas phaseoli E. F. 
Smith Dows., and common bean mosaic) were made ac- 
cording to the per cent leaf surface area exhibiting disease 
symptoms. Class 0 indicates no damage; Class 1, 1% to 
10°, damage; Class 2, 11% to 25° damage; Class 3, 26% 
to 50° damage; Class 4, 51° to 759% damage; Class 5, 
76° to 95% damage; and Class 6, 96° damage to dead. 

Growth habit was defined as bush, half-runner or pole. 
Height was measured in relation to the relative upright- 
ness of the plants within the plot. Wade bush was medium 
in height whereas other varieties not classed as medium 
were either taller or shorter than Wade. 

Flower color (white, lavender, pink, purple, or more 
than one of these colors within the plot), seed coat color 
(table 4), 
oval, kidney, or long), 
not it was smaller or larger than Wade bush bean seed) 


seed shape (various combinations of flat, round, 
and seed size (based on whether or 


were recorded for all lines studied. 

The leaf surface area (from 3 apical leaflets) and the 
range of leaf surface area (from the smallest and largest 
apical leaflets) were recorded in square inches. The num- 
ber of secondary veins per leaflet was counted along one 
side of the midvein for a distance of 3 inches from the 
petiole-leaf base junction. Since the potato leafhopper 
nymphs primarily inhabit the under surface of the leaf and 
adults oviposit in phloem tissue (Smith & Poos 1931), it 
was thought that the size of the leaf and the number of 
secondary veins might influence resistance. 

The length and width of one pod per plot was recorded 
in millimeters. Pod shape was recorded as flat or round, 
and curved or straight, and pod color as green or vellow. 

The data were first analyzed by a ranking method as 
(1937) to compare rank mean 


described by Friedman 


\ecepted for publication February 14, 1961 
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Table 3.—Common bean mosaic in relation to potato leaf- 


Table 1.—Plant height in relation to mean nymphal in- 
hopper nymphal infestation. Marietta and Wooster, Ohio. 


festation using Wade Bush as medium. Marietta and 





Wooster, Ohio. 1958-60. 


1958-60. 





HEIGHT Mean Nympus 
Small 3.87 
Medium 3.50 
Tall 2.88 


F VaLut 


Source OF VARIATION 


Height 8 .500** 
Linear 16.667** 





** Significant at the 1°% level 


nymphal infestation to P. vulgaris plant characteristics. 
Where significant differences in the ranked nymphal in- 
festation occurred, the analysis of variance comparing the 
mean nymphal infestations was computed. The data are 
presented in tables 1 to 4, first as mean nymphal infesta- 
tion for the sampling dates in relation to the particular 
plant character, and second, as F values from an analysis 
of variance where the treatments in a graded series are 
subdivided to show whether the data exhibit linear or 
quadratic trends. 

Resutts AND Discussion. 
among the ranked nymphal infestations were found when 


Nonsignificant differences 


nymphal infestations were classified by pod color, pod 
shape, length of pod, mean leaf area, and growth habit. 
Highly significant differences were found among nymphal 
infestations relative to the range of mean leaf area meas- 
urement and width of pod. No linear trends of leafhopper 
infestation on these measures were evident, however. 
Highly significant differences were found relative to 
ranked nymphal infestation that were classified by flower 
color, seed shape, and veins per apical leaflet, whereas 


Table 2.—Days to first flower and maturity in relation to 
nymphal infestation. Marietta and Wooster, Ohio. 1958-60. 





Days To First Flower Mean Nympus 


35-39 4.12 
10-49 3.42 
50-59 2.96 
60-69 3.15 
70-77 3.3 
T7885 3 


Days ro Maruriry 


RO-S4 +. 32 
85-89 4.32 
91-94 $.55 
95-99 3.38 
100-104 3.01 
105-109 2.77 
110-114 2.90 
115-119 3.41 
120-124 2.89 
125-129 3.78 
130-over 3.55 
SOURCE OF VARIATION IK VaLur 
Days to maturity $.147*" 
Linear 6.350** 
Quadratic 18 .643** 





** Significant at the 1% level 


Cxass or VisuaL RATING Mean Nympus 


0.0 3.11 
0.5 2.67 
1.0 2.98 
1.5 3.08 
2.0 3.15 
2.5 3.52 
3.0 3.84 
3.5 3.61 
$.0 5.01 
4.5 5.00 
3.0 t.S4 
Source OF VARIATION F Vauur 
Common bean mosaic 5.659** 
Linear 15 .994** 
Quadratic 3.154 ns 


1.000 ns 


Residue 





* Significant at the 1% level 


ns = nonsignificant 


nonsignificant differences were found between mean 
nymphal infestation and the above characteristics. 

Highly significant differences were found between 
mean nymphal infestation and plant height (a measure of 
the uprightness of the plants within the plot). The data in 
table 1 showed that the taller accessions or commercial] 
varieties had fewer nymphs per trifoliate leaf. The analy- 
sis of variance showed that the height and nymphal in- 
festation relation was linear. 

While nonsignificant differences in nymphal popula 
tion were found in relation to numbers of days to first 
flower, highly significant differences were found in rela 
tion to numbers of days to maturity. The data in table 2 
show that nymphal infestations were lowest on varieties 
that first flowered between 50 and 59 days and matured 
between 105 and 114 days. The F values of the analysis of 
variance of the number of days to maturity showed that 
the lines exhibited more of a quadratic effect than a linear 
one. A comparison of nymphal infestations and days to 
first flower and maturity indicated that both were 
quadratic regressions. 

In table 8, common bean mosaic visual ratings are com- 
pared with mean nymphal infestation and show that low 
nymphal infestations are associated with mosaic resistant 
lines. The F values in the analysis of variance indicated 
that the data were linear. Highly significant differences 


Table 4.—Mean nymphal infestation in relation to seed 
coat color. Marietta and Wooster, Ohio. 1958-60. 





Seep Coar Coror Mran Nymeus 


Striped or mottled 3.00 
Black 3.29 
White $14 
Brown 3.16 
Pink 2. 84 
Red 3.16 
Tan 3.10 
Giray 3.36 
Orange 3.71 
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were found between common bacterial blight leaf dam- 
age ratings and nymphal infestation. However, highly 
significant F values were computed relative to linear, 
quadratic, and residual effects. This would indicate that 
the data did not follow a first order polynominal regres 
sion. 
Significant (5°) level) differences among nymphal 
populations were found relative to seed coat color. Ac 
cording to the data in table 4, pink-seeded varieties were 
the most resistant to potato leafhopper nymphal infesta- 
tion. Lines with two or more colors in a striped or mottled 
pattern also had low nymphal infestations whereas orange- 
susceptible to 


and gray-seeded lines were the most 


potato leafhopper nymphs. 
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‘Tests with Some Insecticides against the Paddy Borer. 
' wr) oe 


Schoenobius incertulas, in Vaiwan! 


SUNG-YANG LEE, Taiwan {ari 


uliural Research Institute, Taipei, Taiwan 


ABSTRACT 


Fests made on the second paddy crop in Paipei in 1960 to 
study the initial and residual effects of parathion, Sumithion 
OO. dimethyl O-( 3 rie thyl tnitropheny! thioposphate ,dimeth 
oate and endrin against primarily the newly hatched larvae of the 
paddy borer, Schoenobius incertulas Wik., indicated that control 
by the residues or the plant metabolites of these compounds was 
better with higher concentrations or dosages, and appeared to 
vary considerably with the stage of growth of the plants At thre 
maximum tillering stage, excellent control was obtained with 
parathion for about 12 days, with Sumithion for about 7 days, 
but dimethoate lost its 


persistent effect rapidly 1.5 to 5 days 


after treatment ve poor residual effect in one test at 


the maximum tillering stage but at the heading stage it gave as 
good results as parathion, and was better than Sumithion. Re 


Although parathion and endrin have long been used tn 
Taiwan for control of the paddy borer, Schoenobius in 
certulas Wik., relatively little has been published on how 
long these chemicals remain effective in preventing the 
newly hatched larvae from boring into the paddy plants, 
or on the initial toxicity to the larvae that are already 
feeding within the plants in different stages of growth. 
Such information is needed for determining the proper 
intervals for applying sprays when several successive 
treatments are required for more complete control of the 
pest. 

This paper summarizes tests conducted on the second 
paddy crop, 1960, in ‘Taipei to study the initial and re 
sidual effect of parathion, Sumithion (O,0-dimethyl-O 
(3 methyl-+ nitrophenyl) thiophosphate), dimethoate 
and endrin against primarily the newly hatched larvae 
attacking the paddy plants at the maximum tillering, 
heading, and milk ripe stages of growth. 

MATERIALS. 
all emulsifiable concentrates. The active ingredient of 


The insecticides used in this work were 


sidual effect of these chemicals at the heading stage of paddy 
plants was, on the whole, poorer than at the maximum tillering 
stage 

At the maximum tillering stage, Sumithion and parathion 
gave better control initially than dimethoate or endrin. When 
the plants were thoroughly wet with the sprays, no significant 
difference in initial kill was obtained with a 0.02% or a 0.04% 
concentration with either parathion or Sumithion. At the head- 
ing stage dimethoate at a 0.06% concentration appeared to be 
better than parathion or Sumithion at a 0.04% concentration. 
At the milk-ripe stage dimethoate gave the best initial control 
followed by parathion and Sumithion. In these tests endrin was 
found to penetrate deeply into the leaf sheath and killed 30% 
to 57% of the young larvae feeding within 


parathion and endrin was 48° and 19.5%, respectively. 
Dimethoate (460 
pared by the Ihara Noyaku Co., Ltd., Japan, for control of 


the rice stem borer. Sumithion (40%) 


used was a special formulation pre- 


was a new low tox- 
icity organophosphorus insecticide developed by the 
Sumitomo Chemical Co., Ltd., Japan, which claims the 
acute oral LDso9 for this compound is 870 mg./kg. to mice, 
as against 9.5 mg./kg. for parathion. The test larvae re- 
leased on the paddy plants were those just emerged from 
the egg-clusters collected from paddy fields. Numbers of 
the insect released per hill of paddy was about 2 to 3 
times the total number of tillers in the individual hill. 
Care was taken in applying sprays to obtain good wetting 
on every tiller in the hill. Because of the difficulty in pro- 
curing a sufficient number of the newly hatched larvae on 
certain dates, date of releasing the test insect or making 


This work was made possible by the research grant-in-aid from American 
Cyanamid Co., and Sumitomo Chemical Co. Ltd., Japan. Accepted for pub 
lication February 13, 1961 
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Table 1.—Residual effect of several chemicals for preventing the newly hatched paddy borer larvae from boring into the 
paddy plants at the maximum tillering stage. Sprayed September 27, 1960. Taipei. 





No. or Titvers with Tres Wirnerep/Torat ExamMinep 


Larvae released at indicated days after spraying 


TREATMENT 





(0.04% CONCENTRATION 1.5 5 7 10 12 i4 16 (0) 9 
Untreated 20/82 14/47 8/59 60 16/51 
Parathion 0/69 0/69 0/56 50 0/43 1/37 1/24 1/22 0/16 
Sumithion 0/92 0/97 0/61 4 13/61 
Dimethoate 0/101 8/98 9/71 75 15/48 
® Two larvae were found feeding normally in one tiller whose tip withered. In the ot til 5 la d, all 11 | 6 
> In the one tiller with withered tip, 2 dead and 1 live larvae were found. Of the remaining 21 tillers 11 contained a total o | to 6 till ill dead 
(mortality 94.6% 
© Panicles present in three tillers on the date examined. Externally the plant apy | t 11 til , | 18 | xu ¥ 17 w 
feeding actively in the glumes that were still covered by the leaf sheaths 1 ‘ kil Is par e leaf sl m 64 


the treatments in each test could not be well standard 
ized. 

Resipvua Errect at THE MAXIMUM TILLERING STAGE. 

Two tests were conducted. The paddy used was vari 
ety Taiyi No. 1805, planted in pots, about 40 days old 
after transplanting. In one test sprays were applied on 
September 27 by a compression sprayer at the rate of 
approximately 30 cc. of a 0.049% concentration per hill 
(2.16 hg. active ingredient in 5,400 liters per hectare). One 
to three hills were used per treatment. Counts of withering 
tips of the paddy plants, caused by the larvae, were made 
3 days after releasing the larvae. Table 1 summarizes the 
results. 

It is noteworthy that when released on the paddy 
plants at the maximum tillering stage, not all the newly 
hatched larvae bore into the central part of the straw and 
cause a withering of the tip. Many of them stay in the 
outer part of the straw for some days, feeding on the tissue 
of the plant stem lengthwise and causing little damage 


Table 2.—Residual effect of some insecticides for pre- 
venting the newly hatched paddy borer larvae from boring 
into the paddy plants at the maximum tillering stage. 
Sprayed September 29, 1960. Taipei. 





No. or Titters Wuoset Tres 
Witnerep/Torat ExamMinep 


aarvae released at indicated days 
TREATMENT AND after spraying 


CONCENTRATION 
(07 


( ) r 
Untreated 10/67 14.9 5/65 7.7 
Parathion 0.04 1/67 1.5 0/7 0 

0.02 4/52 Re 1/46 L.2 
Sumithion 0.04 1/51 2.0 1/46 ».2 
0.03 2/65 3.1 /66 $0 
0.02 3/68 +. 4 4/52 eae 
Dimethoate 0.04 8/71 11.3 1/58 6.9 
0.03 9/65 13.8 8/67 11.9 
0.02 6/54 11.1 11/52 3 
Endrin 0.04 5/69 72 2/57 3.5 





® Per cent destroyed given in parentheses 
© Four living and three dead larvae were recovered from the five tillers 
having the tips withered. Of the other 64 tillers 13 were infested with a total of 


24 larvae, of which 3 were live and 21 dead. 


that is readily noticeable from the outside. Therefore, it is 
rather unfair to compare the effectiveness of various 
chemicals only by counting the withered tips. It is safe, 
however, to assume that when withering of the tips ap 
pears in the sprayed plants, the residual effect of the com 
pound is diminishing. Although this test was not intended 
to make a comparative study of effectiveness of the in 
secticides, data in table 1 indicate that parathion was 
significantly the best treatment followed by Sumithion 
and dimethoate. Parathion appeared to lose its residual 
effect about 12 days after the treatment. Yet, it killed 
92.607, 96.407 and 64.607 of the larvae released 16, 20 
and 29 days, respectively, after the spraying. Sumithion 
gave complete protection for about 7 days, and seemed to 
lose much of its effect after 10 days. Dimethoate rapidly 
lost its effectiveness 1.5 to 5 days after the treatment. 
Table 2 gives the results of another test, in which sprays 
were applied by a hand sprayer on September 29 at the 
rate of about 10 ce. per hill. Three hills were used per 
treatment. All treatments in this case showed less residual 
effect than they had shown in the previous test. This may 
be attributed to the smaller amount of spray material 
applied per hill. The poor residual effect of endrin in this 
test Was surprising in the light of its general acceptance as 
one of the best residual insecticides. The position wher 
the larvae were found dead suggested that the effect of 
endrin against the newly hatched larvae was probably 
due to its penetration residue; the surface residue seemed 
to play little part in killing the larvae a few days after the 
treatment. Sumithion at higher concentrations appeared 
to be a promising chemical for controlling the pest, con 
sidering its very low toxicity against mammals. Di 
methoate was definitely inferior as a residual treatment. 

Persistent Errect at THE HeapinG Stract Paddy 
used in this test was variety Taichung No. 65, planted 
directly in the field. Sprays were applied by a compression 
sprayer at the rate of 30 ce. per hill on October 3, when 
the panicles of the test plants were still completely en 
veloped by the leaf sheaths. Shooting up of the panicles 
began partly 3 days after spraying. The plants were pro 
tected from natural infestation with the borers after the 
final release of the larvae. A count of dead panicles was 
made on November 1. Table 3 gives the results. 

In this test, in contrast to the results obtained in the 
previous test at the maximum tillering stage, endrin gave 
as good protection as parathion. Dimethoate was again 
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unsatisfactory. Parathion and Sumithion were much less 
effective than they were at the maximum tillering stage. 
This seems to be due, in part at least, to the different 
feeding modes of the larvae at the heading stage. When 
released on the plants with ears still completely covered 
by the leaf sheaths, or only their upper parts appearing, 
the newly hatched larvae usually crawl into the ear by the 
opening at the top of the central leaf sheath, and some 
bore into the axis of the ear to feed, others do so after 
feeding on the stamen, et cetera, within the glume. In the 
tiller that is in ear, the larvae bore into the ear axis either 
after crawling into the plant by the opening at the leaf 
sheath top, or through the entrance hole they make on the 
outside surface of the central leaf sheath. At any rate, in 
this test the parts of the plants that the larvae fed on dur 
ing their earlier stage of growth were not directly exposed 
to sprays at the time of treatment. Therefore, the amount 
of the toxicants that should be present in these parts 
might not have been ample to poison the insect. On the 
other hand, when released on the plants at the maximum 
tillering stage, most of the larvae likewise crawl into the 
plants by the opening at the tip of the outer leaf sheath 
and eat a varying amount of the tissue of the leaf sheath 
to which spray is deposited, thus being more readily 
poisoned. 

IniviaL Errecr av tub MAXIMUM TILLERING STAGE. 
Four tests were made to study the effectiveness of the 
chemicals for killing the young larvae feeding within the 
straw of paddy plants at the maximum tillering stage. 
Paddy used was variety Taiyi No. 1805 planted in pots. 
The test larvae were newly hatched and released on the 
plants on September 27, about 40 days after transplant 


ing. Sprays were applied on different dates after release of 


Table 3.—Residual effect of some insecticides in prevent- 
ing the newly hatched paddy borer larvae from causing dead 
panicles at the heading stage. Sprayed October 3, and exam- 
ined Nov. 1, 1960. Taipei. 





No. or Pantcies  PANticLes 


PREATMENT AND No. o8 
CONCENTRATION Hits DresTROYED 
% Examined Total Dead oo) 
Ex per ment {, /arvae released 3 . aa * days after spraying 
Untreated t 2 IS $4.6 
Parathion 0.04 } 57 0 0 
0.02 5 6S } + 4 
Sumithion 0.04 3 70 13 
0.08 3 78 2 e.6 
0.02 } 50 3 6.0 
Dimethoate 0.04 t 7 6 12.8 
0.08 5 67 10 14.9 
0.02 5 73 19 650 
Endrin 0.04 } 61 0 0 
0.02 i) 83 +] 3.6 
/ rperiment b, larvae relea PQ and 11 days after ay 
Untreated t 6 2 | 37 5 
Parathion O04 "4 22 ) 9) ] 
0.02 ? 4 ( 25.0 
Endrin 0.04 2 19 3 15.8 
0.02 2 19 8 15.8 
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Table 4.—Effectiveness of some compounds against larvae 
of the paddy borer feeding in the paddy plants at various 
stages of development. Taipei. 1960. 





PREATMENT AND No. of No. OF No. or LARVAE Mor- 
CONCENTRATION Tinvers Triuers TALITY® 
%) Examinep INrestep Dead Live %) 


A.° PLants at THe Maximum TILLeRING Stace 


Experiment 1, sprayed | day after release of larvae Sept. 27 
Untreated 60 34 6 86 6.5 
Parathion 0.04 79 34 78 7 91.8 

02 75 31 40 2 95.2 
Sumithion OF 67 24 34 2 94.4 
03 56 10 12 2 85.7 
Oz so 28 20 22 47.6 
Dimethoate OF 70 19 18 10 64.3 
03 62 24 27 4 65.9 
02 63 32 71 26 73.2 
Endrin 04 62 It 10 23 30.3 

Experiment 2, sprayed 2 days after release of larvae Sept. 27 
Untreated 54 18 t 20 16.7 
Parathion 0.04 69 42 71 1 98.6 
Sumithion O4 59 33 77 4 95.1 
Dimethoate 04 74 15 105 1! 90.5 
Endrin O04 60 27 28 21 57.1 

Experiment é, sprayed 6 days after release of larvae Sept. 27 
Untreated 0) 12 0 16 0 
Parathion 0.04 56 0 68 9 88.3 

02 56 19 87 8 91.6 
Sumithion O4 63 38 77 + 95.1 
03 72 42 64 0 100 
02 71 42 74 l 98.7 
Dimethoate OF a9 39 51 21 70.8 
038 68 21 10 15 40.0 
02 16 23 12 28 30.0 
Experiment 4, sprayed 16 days after release of larvae Sept. 27 
Untreated 20 25 0 22 0 
Parathion 0.04 is 26 30 $ 88.2 
02 22 12 15 1 93.8 
Sumithion OF Ww 24 25 3 89.3 
O2 iS 24 28 3 90.3 
B.© Larvak in tHE Pappy PANicLe AND THE STEM 
Erper nt 1, sprayed 3 day fter release of larvae Oct. 10 (heading stage) 
Untreated 15 10 3 16 15.8 
Parathion 0.04 Is + 5 1 83.3 
Sumithion OF 19 6 10 1 90.9 
Dimethoate 06 15 4 5 0 100 
Experiment sprayed 6 days after release of larvae Oct. 7 (heading stage) 
Untreated 1s 6 0 6 0 
Parathion 0.04 17 6 12 0 100 
Sumithion O+ 17 11 17 0 100 
Dimethoate 06 14 + 10 0 100 
Exper wt sprayed 18 days after r use of larvae Oct. 10 (milk-ripe stage) 
Untreated 52 4 5 35 12.5 
P ion 0.04 82 49 76 7 91.6 
2 80 $2 43 10 81.1 
Sumithion O+ 100 +4 57 17 77.0 
02 99 +4 $2 23 64.6 
Dimethoate O68 82 56 146 0 100 
04 938 59 108 0 100 





* The mortality count was made on the assumption that no larva was re- 
pelled by deposits of the chemicals and migrated to other plants during the 


period between spraying and examination 
I'wo hills examined in each treatment 


One to five hills examined in each treatment 


larvae, with a hand sprayer at the rate of approximately 
10 ce. per hill. The fate of the insect was examined 3 days 
after spraying. The results of these tests are presented in 
table 4A. In tabulating the data the moribund larvae 
were grouped with the dead ones because such individuals 
never recovered in these tests. The mortality was calcu- 
lated on the assumption that no larva was repelled by de- 
posits of the chemical and migrated to other plants dur- 
ing the period between spraying and examination. The 
data in table 4A indicate that both parathion and Sumithi- 
on were effective not only against the first-instar larvae 
but also against the second- and the third-instar larvae 
that were feeding within the central part of the tiller; and 
Sumithion appeared to be somewhat superior to parathion. 
Although in one test (Experiment 1) control at the lower 
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concentrations was poorer with Sumithion, no such sig 
nificant difference was observed in the other two tests 
(Experiments 3 and 4). Endrin was much less effective; 
however, it penetrated deep enough to kill the larvae 
feeding within the leaf sheath. In Experiment 2 good 
control was obtained with dimethoate, but in the other 
two tests it was much less effective than Sumithion and 
parathion. 

InitiaAL Errect at tHe Herapinc ann Mink-Rire 
STAGES. 
test at the milk-ripe stage were conducted. Variety of 
paddy used was Taichung No. 65 planted ina field. Sprays 


Two tests during the heading stage and one 


were applied with a compression sprayer at the rate of 
about 30 cc. per hill. In Experiments 1 and 2 (table 4B), 
only the upper parts of the ears in some tillers were emerg 
ing at the time of spraying (Oct. 13), and most of the lar- 
vae released were then feeding probably in the glumes in 
the lower parts of the ear that were still surrounded by the 
leaf sheath. The results were examined 3 days after spray- 
ing. In Experiment 3, the ears of the plants were in the 
milk-ripe stage at the time of treatment (Oct. 29), some 
of them being already destroyed by the larvae and had 
turned white in color; the larvae were mostly in the third 
instar and partly in the fourth instar, feeding in the stem, 
not in the ear axis. It is of little use from a practical 
standpoint to make insecticidal treatments to such plants. 
nevertheless this test was conducted to see whether these 
chemicals penetrate and kill the older larvae feeding in 
the stem. The results of this test were examined 3 to 5 
days after spraying. Data from Experiments 1 and 2 in 
table 4B show that dimethoate at 0.06°7 concentration 
was the best treatment against the first- and second- 
instar larvae, and superior to parathion and Sumithion 


Chemical Control of th 


C. C. Bowuine, Teras Agricultura 


ABSTRACT 


Small plot tests were conducted during 1959 and 1960. to 
control the larval stage of the rice water weevil, Lissorhoptrus 
oryzophilus (Kuschel). Aldrin and heptachlor were equally effec 
tive either when applied as a seed treatment or when mixed with 
fertilizer. Four ounces of the active ingredient per acre applied 
with fertilizer and 4 ounces of the active ingredient per 100 
pounds of seed as seed treatment gave optimum control. Yield 
increases were obtained from controlling the insect in four of the 
five tests. Yield increases were significant in three of five tests 


The rice water weevil (Lissorhoptrus oryzophilus 
(Kuschel)) is recognized as a pest on rice everywhere the 
crop is grown in the United States. Douglas & Ingram 
(1942) reported this insect to be present in all the south 
ern rice-growing areas. The presence of the rice water 
weevil in the rice-growing area of California was reported 
by Lange (1959). 

Chemical control of the larval stage of this insect has 
been demonstrated by various workers. Whitehead (1954) 
reported on the effectiveness of several insecticides used 
as sprays and as granulated formulations. Bowling (1957 
found several insecticides used as seed treatments to be 


at 0.04%, concentration. An examination of these two 
tests revealed that most of the dead larvae were found in 
the glumes, but there were one or two larvae found dead 
in the lower part of the ear axis in each treatment. This, 
however, does not necessarily mean that these chemicals 
penetrated into the ear axis through the leaf sheath, be- 
cause poisoning of the larvae may take place before they 
bore into the ear axis. The data of Experiment 3 in table 
tB indicate that dimethoate again was the best treatment 
followed by parathion and Sumithion. This change in 
initial effect of dimethoate is of particular interest, and 
worthy of further study. 

Discussion AND ConcLusion.-The results obtained 
in the present study indicate that the residual effect of 
endrin may not be so great on paddy plants as is generally 
believed, and that parathion is mucli more persistent than 
normally considered. Sumithion seemed to be a highly 
promising insecticide for controlling the paddy borer, 
considering its good initial effect and reasonable persist 
ence with the very low toxicity against mammals. The 
residual effect of dimethoate used was not satisfactory. 

To obtain better residual effect with parathion or 
Sumithion, higher concentrations are desirable; however, 
for initial kill 0.0207, concentrations seem to be sufficient. 
The initial effect of dimethoate varied greatly according 
to stage of growth of the paddy plants. Control of the 
newly hatched larvae by the residues, or plant metabo- 
lites, of these chemicals also appeared to vary considerably 
on plants in different stages of growth, particularly on 
plants at the maximum tillering and heading stages. 

More extensive and detailed studies are needed in order 
to determine the best use of these materials on paddy 


plants. 


e Rice Water Weevil! 


l Experiment Stati n, Beaumont 


effective in controlling this insect. Bowling (1959) found 
aldrin to be equally effective for rice water weevil control 
when applied as a spray, when used as a seed treatment, 
or when mixed with fertilizer. Mathis & Schoof (1959) re 
ported dieldrin to be effective when applied by various 
methods. Rolston & Rouse (1960) reported on the effec 
tiveness of aldrin used as soil and seed treatment to con 
trol both the rice water weevil and the grape colaspis, 
Vaecolas pis flavida (Say). The tests reported in the pres 
ent paper were designed to make further comparisons of 
insecticides, rate and methods of application and = to 
evaluate the losses in vields caused by the insect. 
EXPERIMENTAL Procedure. All tests were conducted 
during the summers of 1959 and 1960 at the Rice 
Pasture Experiment Station, Beaumont, Texas. The ex 
perimental area was composed of a series of 1) 10-acre 
blocks, each separated by levees and subdivided into 32 
plots 3’*20’ with 1’ alleys separating the plots length 
wise. Each test utilized either one or two blocks. All tests 
were seeded at the rate of 100 pounds per acre with 
Century Patna 231 seed, and were fertilized with 21% 
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ammonium sulfate and 439% super-phosphate at rates 
of 60-40-0 in 1959 and 80-40-0 in 1960. Applications 
of fertilizer were made between 2 and 3 weeks after date of 
planting. The test plots were flooded immediately after 
fertilizer applications were made and remained flooded 
until drained for harvest. Larval counts, reported as the 
number of larvae per foot of drill row, were made using 
the method deseribed by Bowling (1957). Yield data, re- 
ported as dry, cleaned rough rice, were obtained by har- 
vesting the two center rows from each six-row plot. Since 


Table 1.—Rice water weevil control by mixing insecticides 
in fertilizer or with the seed. 





ACTIVE 
INGREDIENT LARVAE PER 


per Ack Foor or YIELD 
SEED TREATMENT O7 Dritt Row LB./A 
Test 1 
Heptachlor, e. 16 2.2 3,785 
S 0.0 3,955 
t 9.5 £ O45 
0 99 .2 3 S84 
Heptac hlor, wep 16 1.0 3,742 
8 3.0 3,857 
} 1.5 3,821 
0 50.2 3,72 
Aldrin, e. 16 5.7 3,973 
Ss 3.7 +068 
t 9.5 3,893 
+ tS .7 $591 
Aldrin, w 1) 16 t.0 3.958 
s 1.0 3,832 
I 9.0 +, 178 
0 58.0 $3,616 
Means for each rate 16 $3.2 3 S864 
Ss ,.9 3926 
} 8.1 s OS4 
0 64.0 3,628 
Ls.D. at 5% level 14.8 194 
at 1% level 17.38 HS 
Test 
Aldrir S a 3,072 
t 8.0 3,090 
0 30.0 3,213 
Heptachlor 8 6.5 2,982 
} $.2 3,209 
0 $4.7 2 968 
Seed treatment 
Aldrin Ss 7.0 3,245 
f 1.7 3,207 
0 $5.5 3, 225 
Heptac hlor Ss t.0 3,202 
t 1.7 3.183 
0 a5 3,335 
Means for rates S 5.0 8.125 
i 3.8 3,159 
0 31.8 3, 184 
L.S.D. at 5% level 8.3 nes 
at 1% level 3 nes 





Wettable powder 


” e. Emulsifiable concentrate. w.p 
Dosages given in ounces per 100 Ib. seed 
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Table 2.—Rice water weevil control using seed treatment 
and insecticides with fertilizer. 





LarvAE/Foor oF 


ACTIVE Dri Row 
INGRE- 
DIENT’ July July Aug.  Yrevp 
TREATMENT (Oz.) 2] 28 3 (LB./A.) 
Seed treatment 
Aldrin 8 2.2 3.7 7.6 3,112 
t 7 +.0 6.5 3,425 
0 7.7 4.2 GAG 2,780 
Heptachlor 8 1.= $0 62 S32 
t 2.3 3.0 Py 3,368 
0 30.0 45.7 29.7 2 , 827 


Insecticide u ith fertilizer 





Aldrin 8 L.4 2:2 2.7 F986 
} £5 8.7 Py 3,191 
0 41.7 45.2 30.0 2,778 
Heptac hlor Ss 2.4% 2 5.7 3,249 
t 4:4 TO D.2 $043 
0 31.2 46.2 38.0 3,025 
Means for rates S 2.0 $.8 5.3 3,225 
t $3.8 66 6.6 $226 
0 32.6 46.1 31.1 2,851 
L.S.D. at 5% level 6.0 9.7 &.8 226 
at 1% level S.) Ba 7.9 304 

* Per 100 lb. seed for seed treatment and per acre for insecticide with fer 

tiles 


statistical analysis of the data in each test indicated differ- 
ences among rates only, the means and L.S.D.’s are shown 
in each table. 

INSECTICIDE-FERTILIZER Mixture. —This test, con- 
ducted in 1959, was a comparison of aldrin and hepta- 
chlor added to the fertilizer both as a wettable powder 
and as an emulsifiable concentrate to obtain 4, 8 and 16 
ounces of technical insecticide per acre. Wettable pow- 
ders (50° active ingredient) were mixed thoroughly with 
the pelletized 43°7 superphosphate required for each plot. 
The emulsifiable concentrate mixtures were prepared 
from solutions containing 2 pounds of technical insecti- 
cide per gallon. To insure uniform coverage for the differ- 
ent rates of application, the concentrates were diluted to 
a common volume with acetone. They were then added to 
the superphosphate while the pellets were agitated in a 
1-gallon jar. The acetone was allowed to evaporate over- 
night. The required ataount of 21% ammonium sulfate 
was then added to the phosphate and the mixture dis- 
tributed by hand to the plots just before flooding. The 
rice Was approximately 6” tall at this time. 

Data from this test, shown in table 1, test 1, indicate 
that the 4-, 8- and 16-ounce rates of both aldrin and 
heptachlor applied to the fertilizer as an emulsifiable con- 
centrate or as a wettable powder were equally effective in 
controlling rice water weevil larvae. Increases in yield 
that were significant at the 5% level were obtained in this 
test. 

Seep TREATMENT AND Insecticipe Mrxep WITH 
Fiertitizer. Two tests were conducted in 1959 to com- 
pare aldrin and heptachlor at various rates when applied 
as seed treatment and when mixed with fertilizer. Seed 
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Table 3.—Rice water weevil control with seed treatment. 





Activt 
INGREDIENT Larvat 

100 LB Foor or YIELD 

TREATMENT SEED (02 Dritt Row LB./A 

Test 1 

Aldrin 75%, w.p s 2.7 3,429 
+sticker 10.2 3,389 

0 $5.2 2 485 

Aldrin 50%, w.p 8 i.4 3,310 
+sticker } +.7 $3,353 

0 69.2 2 561 

Aldrin 75%, w.p S 2.5 3, 223 
t 14.0 3,306 

0 69.2 2 928 

Aldrin 50%, w.p Ss . <4 3,371 
1 Sy $548 

0 $4.2 2,698 

Means for rates S 2.1 3,333 
} 7.9 3,399 

0 76.9 ? 667 

L.S.D. at 5% level 9.5 371 
at 1% level 14.4 563 

Test 2 

Aldrin 75%, w.p 8 Es2 3,397 
+-sticker } ) 3,101 

0 35.0 3,210 

Aldrin 50%, w.p 8 1.5 3,255 
+ sticker } :.7 3,372 

0 20.7 $076 

Aldrin 75%, w Pp. s we 3,254 
} 1.0 $ S380 

0 17.0 3, 284 

Aldrin 50%, w.p 8 7 $3,052 
} $.2 3,494 

0 5.5 3.158 

Means for rates S 1.3 3,239 
} 2.8 3,336 

0 $4.4 $3,182 

L.S.D. at 5% level 19.2 nes 
at 1% level 28.7 Hs 





treatments were applied as described by Bowling (1957 
The insecticide-fertilizer mixtures were prepared from 
emulsifiable concentrates as described for the preceding 
test. Rice for the first test was planted May 18 and the 
other 30 days later. In the second test, larval counts were 
made at 3, 4 and 5 weeks after the first flood was applied. 
Data from the first test, shown in table 1, test 2. indi 
cate that aldrin and heptachlor were equally effective in 
controlling the larvae when mixed with the fertilizer or 
when applied as seed treatment. The 4-ounce rate was as 
effective as the 8-ounce rate of application. Increases in 
vield were not significant in this test. Data from the 
second test are shown in table 2. Control of the larvae 
was similar to results in the first test. The larval counts in 
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the checks were highest the fourth week after flooding. 
In this test, the increase in vield was significant at the 1% 
level. The mean for the 8-ounce rate was not signifi- 
cantly different from the 4-ounce rate. 

Skep TREATMENT Tests. ‘There is a need for a sticker 
material to add to the slurry mixture to prevent the dust- 
ing off of the insecticide during handling. In 1960, two 
tests were conducted with 50°, and 75°) aldrin using 
wettable powders with and without a sticker, at 4 and 8 
ounces active ingredient per 100 pounds of seed. The 
sticker used was methocel at the rate of 6 ounces per 1,000 
pounds of seed. This was an arbitrary rate and has not 
been proven to prevent dusting off when used under these 
conditions. These tests were designed to determine if the 
sticker material at this rate would influence the effective- 
ness of the insecticide. 

Data from these two tests are shown in table 3. Larval 
counts indicate no difference between 4- and 8-ounce rates 
or between 50°) and 75°) aldrin wettable powders. The 
sticker did not influence the effectiveness of the insecti- 
cide in either test. Data in table 8, test 1, show increases in 
vield at both the 4- and 8-ounce rates that are significant 
at the 1% level. Increases in yield presented in table 3, 
test 2 are not significant. Larval populations were lower 
and very irregular in the untreated checks in this test. 
This is believed to be the result of variation in the water 
level or the water temperature during oviposition 

Excessive Rates or ALpriIN.— A test was conducted 
in 1960 to determine if excessive rates of aldrin would ad 
versely affect vields. Rates of 0, 0.25, 0.5, 1, 2. and 4 
pounds technical aldrin per acre were applied as an emul- 
sifiable concentrate mixed with the fertilizer. In this test 
only two larvae were found in a total of 24 samples. Ap 
parently, when aldrin was applied at the higher rates 
mixed with fertilizer, the process of flooding with water 
caused a lateral dispersion of the insecticide into the un 
treated plots. In an adjacent test area planted on the 
same date, the count of larvae was 75.9 per foot of drill 
row in untreated plots. Yield data indicated no adverse 
effects from the excessive rates. The yields were com 
parable to those harvested from treatments which gave 


control of larvae of rice water weevil in the adjacent test. 
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Biology of the Four-Spotted Fungus Beetle, Glischrochilus q. quadrisignatus 
and Its Effect on European Corn Borer Populations! 


C. E. McCoy? and T. A. Brinpuey,® lowa State University, Ames 


ABSTRACT 


During the growing season of 1951 observations were made on 
the biology of the four-spotted fungus beetle, Glischrochilus q. 
quadrisignatus (Say). Overwintering sites, emergence, mating, 
oviposition and larval habitats were observed. Simultaneous 
population estimates of adult beetles and of larvae of the Euro- 
pean corn borer, Ostrinia nubilalis (Hiibn.), were made in early 
sweet corn. 

Adult beetles of the first generation emerged and moved to 
corn fields coincident with the beginning of stalk invasion by 


Literature dealing with the genus Glischrochilus prior 
to the early 1930's is difficult to interpret because dis 
tinctions between presently defined species were not 
recognized, Economic entomologists used the name G. 
(Ips) fasciatus (Oliv.) in referring to populations which 
surely were either G, q- quadrisignatus (Say or combina 
tions of both species. Siepmann (1931), Brown (1932) and 
Parsons (1943) have clarified the taxonomic relationships 
on the species level. There are still unresolved questions 
concerning subspecies. 

Forbes (1892) described the immature stages and dis 
cussed the breeding evcle. He indicated the adult as the 
overwintering stage and reported that there were two 
generations per year in Illinois. Adult emergence occurred 
in mid-July and early September. The larvae were found 
feeding in planted seed corn. Pupation occurred in 
earthen cells a few inches below the soil surface. 

Vinal & Caffery (1919) observed the beetles in tunnels 
of the Kuropean corn borer, Ostrinia nubilalis CHiibn.), 
but they observed no predation. Watts (Huber ef al. 1928 
of Ohio investigated the possibility of predation. They 
found beetles attacking previously injured borer larvae 
hut only one instance of attack upon a normal larva, and 
this was unsuccessful. Everly (1988), also of Ohio, re 
ported one instance of predation but he did not specify 
the condition of the larva. Barber & Dicke (1944) stated 
that the suppressive effects of beetles on borer popula- 
tions were so extensive that corn could not be evaluated 
for resistence on the basis of larval counts alone. 

G. fasciatus was reported to be predaceous on Trype no 
dendron lineatus by Chamberlin of Oregon (1918). An 
apparently very 


English species, G. quadri pustulatus, 


close to our species, is a voracious predator on the eggs 
and larvae of several species of bark beetles (Munro 1917 
1926, Ritchie 1917 

BioLtocy.— Observations in the vicinity of Ames, Iowa 
in 1951 support the view of Forbes that the adult is the 
overwintering stage. A great variety of shelters were 
utilized including tar paper and boards in farmyards and 
heavy leaf mold in forested areas. Adults were observed 
to leave winter quarters during the last 10 days of April. 
Mating was observed on May 5. Eggs and small larvae 
were found in decaying fruit on May 26. The same day, a 
mass of graham flour which had been buried as a wire 
worm trap was found to contain larvae. Larvae were also 
found in rotting corms of gladiolus and iris, potato seed 


half-grown borer larvae. Beetles congregated in borer tunnels 
and exerted a reductive effect on borer populations. This reduc- 
tion was estimated at 17% of those larvae reaching the third 
instar or about 8% of the initial population. This reduction is 
believed to be caused by mechanical injury with subsequent 
direct attack on weakened or moribund larvae. Other species 
of the genus Glischrochilus have been reported as predators on 
eggs and larvae of various bark beetles in England and in the 


United States 


pieces and ears of corn from the previous season which 
had been buried by plowing. The typical larval habitat 
was decaying vegetable matter either in direct contact 
with the soil or totally buried. 

Adult emergence of the first generation occurred in 
mid-July as Forbes had reported. Mating was observed 
on July 25 and although the second generation was not 
followed closely adults from these matings should have 
emerged in early September. 

Adult emergence of the first generation coincides very 
closely with the beginning of stalk invasion by larvae of 
the first generation of the corn borer. In 1951 beetles 
appeared in great numbers in infested corn fields. It is 
unknown whether the frass produced by feeding borers or 
corn pollen is the attractant which brings beetles to corn 
fields. They feed avidly on both substances. In any case it 
is evident that the invasion of the corn belt by the corn 
borer has provided increased amounts of food suitable for 
both the adults and larvae of this fungus beetle. The 
westward movement of the borer through the corn belt 
has been attended by prodigious populations of fungus 
beetles. 

PoruLATION RELATIONSHIPS. 
was undertaken to determine the presence or absence of a 
reductive effect on corn borer populations which had been 
alluded to by other authors. If such an effect were found, 


A survey-type project 


its magnitude was to be measured. 

Karly sweet corn was chosen for the study. Such corn 
normally supports large populations of corn borers. The 
effects of the beetles were expected to be most pronounced 
and easiest to measure under these conditions. 

A four-row strip running the full length of the field was 
selected as the sampling area to incur the least possible 
interference with the routine care of the crop. The two 
center rows were used for counts of corn borer eggs and 
estimates of populations based on dissections. Each strip 
was divided into strata consisting of 25 to 30 sample 
units each. Each sample unit consisted of a block two 
hills by three hills in check-row planted corn or 10 feet of 
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Fig. 1.—-Estimated living and dead corn borer larvae and adult fungus beetles in 0.18 acre of sweet corn. Ames, Towa. 1951. 
Left: First instar. Right: Second instar. 


Table 1.—Estimated number of living, dead and eaten Table 2.—Association of living and dead larvae of the 
larvae of the European corn borer and adults of Glischro- European corn borer, with fungus beetles in sweet corn. 
chilus q. quadrisignatus in 0.18 acrea of sweet corn. Ames, Ames, Iowa. 1951. 

Iowa. 1951. 











ALIVE Drap 
INSTAR 
Dara I ll Il I\ \ en eee With Without With Without 
Dart Instar Beetles Beetles Beetles Beetles 
if 2s 
\ ? 275 +1 0 0 0 2 $16 0 7 i 
ID 40 0 0 0 0 240 6/28-7/2 l 0 94 0 10 
| 0 0 0 0 0 0 ) 0 13 0 0 
7" ? 158 1,052 0 0 0 5 210 0 7/5-7/9 l 0) 4 0 t 
D 172 0 0 0 0 172 2 0 19 0 1 
} 0 0 0 0 0 0 8} 0 18 0 0 
\ 1,650 1.815 175 0 0 , 940 0 7/12-7/18 l 0 5 0 0 
ID 82 +] 0 0 0 123 ) l 30 0 2 
i 0 0 0 0 0 0 
3 0 4S 9 3 
) } } Is l 0 
\ 61 1,008 646 0 0 » 110 0 5 l } 0 0 
1) or 0 0 0 0 of 
| 0 0 0 0 0 0 
7/21-7/28 2 0 7 0 0 
. Y 5 0 13 6 2 
\ 170 1.684 1.883 AT) 0 +. 406 0 en 
ID 0 ts $1 0 0 460 1 z 2 Ss 0 
I 0 0 0 0 0 0 5 2 5 $ 0 
15 ” 
\ 0 34 544 536 06 1.210 1,175 8/1-8/4 3 0 é 0 2 
ID 0 7 6] 0 0 28S 0 t 2 0 
| 0 0 165 0 0 165 5 0 6 2 l 
Is 
\ 0 0 1.072 80 47 1.608 » 400 Totals l 0 143 0 14 
> 0 0 26S 76 0 s44 2 I 99 0 3 
| 0 0 ING 6 0 H2 Rs be 
3 0 $2 15 ‘ 
| + 6 27 11 0 
\ 0 $88 550 4 +1 1,326 2 , 750 4 3 15 5 1 
ID 0 0 $SS 75 86 850 B : 5 
| 0 ( Tn) 75 06 653 
Grand totals 10 366 31 25 
ak “ 0 Jit) 213 82 O01 1,287 
I) 0 0 0 64 IkG 550 
j 0 0 0 ot IS6 550 
Lag oi ; 2 - row in drilled corn. Stratification insured that random 
0 ) 0 0 5 O5 2 Hy ° . 
D 0 0 | 0 0 7 sampling would not concentrate observations in one 
I ( ) ] 0 0 ,] : ‘ - é . 
portion of the field. Within strata the sample units to be 
8 : examined were selected at random. 
\ 0 0 $35 179 2 SOF 5 : . 
1 0 0 be 0 124 168 Beginning June 18, egg counts were made every 3 days 
| 0 ( 2 62 . . 
7 7 and each mass of eggs was marked and followed to deter- 
ay : mine its fate. Dissections were begun June 28 and con- 
0 0 0 0 0 : , 
D 0 0 1s 62 r 131 tinued at 3- or 4-day intervals through August 4 when the 
i} a { iv ] Ry a hl . *,¢ . 
corn was harvested. The number, instar, position in the 
Potal ; plant and condition of borers was recorded. The number 
\ G.724 6.468 5, 609 > 124 1.086 21 961 é - 
D 00 116 1,560 777 $27 3,470 of beetles on the plant and those in corn borer tunnels 
i} ‘ t 777 16 ) 25 5 . . e 
ss vs és nis were recorded. Records of the associations of beetles and 





Fic. 2.—-Estimated living, dead and eaten corn borer larvae and adult fungus beetles in 0.18 acre of sweet corn. Ames. Lowa. 1951. 
Left: Third instar. Right: Fourth instar. 
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Fic. 3.—Estimated living, dead and eaten fifth-instar corn 


borer larvae and adult fungus beetles in 0.18 acre of sweet corn 
Ames, Iowa. 1951 


30 65 
JUNE 


larvae were taken. The records of this study are, there- 
fore, simultaneous population estimates of both species 
in the corn plus observations on their interrelationships. 
RESULTs. 
was noted. Consecutive counts of egg masses on 100 
plants were as follows: 23 on June 18, 38 on June 21, 35 on 
June 24, 24 on June 27, and 15 on June 30. A total of 79 
masses were observed. Sixty of these hatched normally, 


No marked peak in corn borer oviposition 


five were destroyed by predators and 14 are unaccounted 
for. The last recovery of first-instar larvae on July 12 
indicated that oviposition ceased about July 5. The 
estimated total egg load was 125 masses per 100 plants. 
Using an average of 15 eggs per mass, there was an 
estimated maximum of 1,875 eggs per 100 plants or 
$1,250 eggs in the 0.18-acre sample strip. 

Visual examination of 1,650 plants revealed 726 or 44% 
infested with corn borer. Of these infested plants, 174 
were dissected. A total of 376 living larvae and 56 dead 
larvae were recorded. Twenty-nine of the dead larvae had 
been partially consumed by fungus beetles. 

Corn borer larvae had completed the first instar and 
many were through the second instar before beetles 
appeared on the corn (fig. 1, table 1). Some slight effect 
upon very late second-instar larvae might have occurred 


(fig. 1). The maximum reductive effect of the beetles was 
sustained by the third- and fourth-instar larvae and there 
was some reduction to fifth-instar larvae. Population 
estimates showed 959 less third-instar borers than seconds 
and 3,485 less fourth-instar larvae than thirds in the 
sample area (table 1, and 2). An estimated 
984 of these dead larvae had been partially devoured by 


beetles. The estimated reduction of fifth-instar larvae 
from the fourth stage was 1,088, 777 of which had been 
fed upon (table 1). An estimated 364 fifth-instar larvae 
were partially devoured (fig. 3). The total estimated 
reduction in the corn borer population during the period 
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Fic. 4.—Estimated total living, dead and eaten corn borer larvae 
and adult fungus beetles in 0.18 acre of sweet corn. Ames, Lowa. 
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Table 3.—Frequency distribution of the number of beetles 
associated with dead corn borer larvae and empty tunnels in 
sweet corn. Ames, Iowa. 1951. 





Times AssocraTED WITH 


NuMBER OF BrerLes Dead Larvae Empty Tunnels 


0 3 325 
l 24 64 
2 23 55 
i 12 28 
t 7 19 
) 5 It 
6 0 10 
7 I I 
S 0) ) 
9 | 2 
10 ) 
| I 0 
12 l 5 
13 0 I 
14 0 0 
15 if) it) 
16 I l 
17 0 0 
Is 0 0 
19 0 0 
20 ) 0 
21-30 0 3 
31-50 iT) 0 
51-75 o | 
76-100 0 l 





of July 12 to July 25 (the period when beetles were in the 
field) was 3,905 forms, 1,860 of which had been fed upon 
by the beetles (table 1, fig. 4). 

The records of the association of beetles with living and 
dead borers provide additional information concerning 
this interspecific relationship (table 2). It is again noted 
that first 
tact with beetles. The one second-instar larvae which was 
found with beetles was dead. Of a total of 133 living 
larvae of the third, fourth and fifth instars observed, only 
were found with beetles. On the other 


and second-instar borer larvae had little con 


nine, or about 7%, 
hand, 31 of the 39 dead larvae of these stages observed, or 
almost 80°; 

Almost 6007 of the empty tunnels recorded in all fields 
contained no beetles (table 3). Those tunnels in which no 


were In association with beetles. 


beetles were found were almost invariably those which 
obviously had not contained borer larvae for some time 
previously and were clean of frass. Since the beetles are 
not primary invaders of corn but feed primarily on the 
refuse of the feeding of other insects such as the corn 
borer, they are not attracted to tunnels which do not 
contain active borers. With this in mind the rare associa 
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tion of beetles with living larvae becomes more signifi- 
cant. Only three dead larvae were found in tunnels which 
did not also contain one or more beetles, discounting to 
some extent the possibility that some other factor was 
responsible for the death of the borers. 

If, as this evidence indicates, the beetles were respon- 
sible for the death of all dead Jarvae with which they 
were found, the population reduction amounted to about 
8° of the original population or about 17% of those 
larvae reaching the third instar. The number of dead 
larvae found by dissection was greatest during the period 
of peak beetle populations. The number of empty tunnels 
also increased most rapidly during this period. The evi- 
dence for the lethal action of the beetles is circumstantial 
but strong. 

The reductive effect of four-spotted fungus beetles on 
populations of the European corn borer does not come 
about by predation in the classical definition of the term. 
It is believed to be caused by mechanical injury to the 
borer larvae inflicted by the active movement of beetles 
in crowded tunnels followed by direct attack upon the 
weakened larvae. Some reduction probably occurs as a 
result of borers being driven from their burrows and 
failing to reéstablish elsewhere. 
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The Persistence of Aldrin, Dieldrin, and Endrin Residues on Fresh 
Forage and on Hay Under Various Conditions of Curing! 


Georce G. Gyrisco and E 


ABSTRACT 


Aldrin, dieldrin, and endrin were applic d as emulsions to al 
falfa and to an alfalfa-grass mixture at rates of 2 or 4 ounces per 
acre of active ingredients in 1956 and 1957. Samples of forage 
for residue analysis were taken at varying intervals up to 28 
days. Some of the samples were analyzed fresh, others were cut 
and air-dried 3 days while still others were cut, air-dried 3 days 
and ovendried for 24 hours more. The persistence of the insecti- 
paldrin. The aldrin sam 


cides was as follows: dieldrin >endrin 


ples were not analyzed for dieldrin 


Most chlorinated hydrocarbon insecticides, as residues 
of forage crops, when fed to dairy cattle are stored 
primarily in their fat tissues and are excreted in the milk. 
This is true of aldrin, dieldrin, and endrin although endrin 
shows less tendency to accumulate in milk and fat (Gan 
non et al, 1959a, 1959b, Gyrisco et al. 1959, WKiigemagi 
et al. 1958). Information, however, was lacking on whether 
aldrin, dieldrin, or endrin could be so used on alfalfa that 
a proper preharvest interval or method of curing the hay 
would result in a zero level of residue at harvest. There 
fore, in 1956 and 1957, a series of plots were laid out at 
Minetto and Aurora, New York, respectively, to study 
the effect upon residues present at harvest of varying the 
time interval between treatment and harvest and _ the 
method of curing the hay. 

Mareriats AND Meruops.-—The field plots, 
were 2040 feet long, were laid out in a field of brome 
grass-Ranger ‘alfalfa mixture in 1956, and in 1957 were 
placed in a uniform stand of Narragansett alfalfa. All 


plots were replicated three times in randomized complete 


which 


block designs. 

At Minetto, the plots were treated with aldrin, endrin 
or dieldrin, formulated as an emulsifiable concentrate. 
at 2 or 4 ounces per acre of actual toxicant on July 30, 
1956. One application was made in each case with a low 
pressure, low-gallonage sprayer using 20 gallons of spray 
per acre at 40 p.s.i. of pressure. The alfalfa-brome at the 
time of application was 6 to 10 inches high. Following 
, and dieldrin-treated for 
age mixture was cut for residue analysis at 4, 7, and 10 
days for aldrin and 7, 10, 14, and 21 days for dieldrin and 
7, 10, 14, 21, and 28 days for endrin following a modified 
sampling procedure described by Huddleston (1960). 

At Aurora, aldrin, dieldrin, or endrin, formulated as 
emulsifiable concentrates, were applied to alfalfa 6 to 8 
inches high on July 12, 1957, at 4 ounces per acre of active 
ingredient. Samples of alfalfa from the treated plots wer 
taken following the method described by Huddleston 
(1960) under the following conditions of handling and 


application, the aldrin-, endrin 


time intervals to harvest: 


Green Samples: At 0-, 7-, 14-, and 21-day intervals following 
treatment for aldrin and dieldrin, plus these and a 28-day 
interval sample for endrin 

Three-day Field Dried: At 0-, 7-, 
ing treatment for all 3 insecticides 


and 14-day intervals follow- 


W. Hupp.Leston, 


Cornell University, Ithaca, N. } 


Three-Day Field Dried Plus 24-Hour Ovendried: 0- and 14-day 


intervals for all 3 insecticides 


Merruop or ANAtysis.._All samples were extracted 
with hexane and cleanup was based on the use of chroma 
tography with Celite-Attasol Sea Sorb 43 and Florisil 
absorbent mixtures for aldrin, dieldrin, and = endrin, 
respectively, plus Columbia activated carbon column for 
the endrin samples that were bioassaved. The chemical 
methods for dieldrin and aldrin are described by O' Don 
nell et al. (1955) and O'Donnell ef al. (1954 
endrin are described in Agricultural Research 


ARMS-C-10/55 (1955). 


the techniques described by Sun & Sun 


and those for 
Methods 
The bioassay of endrin followed 
1952). In most 
cases, three analyses were made of each treatment al 


though in some cases six were made, and in few instances 


Table 1.—Net residues of aldrin, dieldrin, and endrin in 
p.p.m. at various time intervals to harvest following a sin- 
gle application of each to an alfalfa-brome grass mixture. 
Minetto, N. Y. 1956. 








Mi AN \ 
ACTIVI PREATMENT Nev Resipurs 
INGREDIEN' ro Harvest FOUND (GREEN 
POXTCANT ACRE (02 DAYS WEIGHT 
Aldrin 2 ! O.10 
» 7 10 
) 10 ») 
Aldri t } O Tl 
} 7 10 
} 10 10 
Dieldris 4 r O39 
4 1 a) 
) It j 
) ) 
I ; 
Dieldrir 1 j 1.08 
t iD 1.20 
| lt 0.68 
| 21 O.1S 
lends ) 7 ied 
) 10 "y 
) 14 3 
2] 1 
Kndris | it 0.55 
} lt s7 
| 21 3) 
} 2$ ) 
ntreated OOo 
05 
OS 
Accepted for publication Feb ni] 
Now Assistant Professor, Texas Technological College, Lubbock, Texa 
Phe authors are indebted to Northeast Regional Project NI 
ial support of this work, in part the Sheli ¢ I |< 
ilvses of the samples ind for dona t 
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Table 2.—Net residues of aldrin, endrin and dieldrin on alfalfa at various time intervals to harvest and following various 


methods of curing. Aurora, N. Y. 1957. 





Aldrin 
Days ro HARVEST AND 
SampeLe TREATMENT Range Mean 
0, green Lt -2.) 1.93 
7, green 0. 16-0.17 >O.16 
I4, green a as ae >. 83 
21, green 0.1 -0.5 0.2 
98, vreen 
0,3 days air-dried 2.4 8.7 Wa 
14,3 days air-dried 0.10 0.4 G25 
21,3 days air-dried O11 0.483 0.25 
0,3 days air-dried + 1 day 
oven-dried 0.60 4.0 | 
14,3 davs air-dried + 4 day 
0.0 4.2 te | 


oven dried 
1,3 davs oven dried 1 lay 
air-dried 


Nev Resipues (P.p.M.) OF 


Kndrin Dieldrin 
Range Mean Range Mean 
54.5 —-81.6 63.3 5.9 -12.2 9.05” 
7.0 4.2 : 1.9 £:¢ 1.95! 
2.3 9 3.43 0.72-— 0.95 >0.83 
0.21-- 0.31 >0.25 0.15- 0.19 >0O.18 
oO.) 0.18 <0.11 - 
6.6 -11.3 8.3 
0.3 1.1 0.80 
0.46- O.64 0.56 
‘2 at) > 43 2 4 3.8 > .7% 
0.39—- 0.51 >0.45 





* Based on six samples 


Based two sumples 


where samples were lost, only two were made. These 
data, as means or ranges or both, are presented in tables 
1 and 2. In all cases the sensitivity of the analytical 
method was about 0.10) p.p.m. Effective recovery of 
insecticides added to untreated forage from both experi 
ments are indicated by the data in table 3. 

Resuits AND Discussion. —In general, aldrin residues 
were below the level of detection on the green samples in 
14 to 21 days: on the dry samples, more than 3 weeks 
were necessary to dissipate the aldrin residues completely 
under the condition of this experiment Dieldrin, on the 
other hand, was more persistent than aldrin or endrin and 
Was present in small but detectable amounts on both the 
green and dry hay samples at least 21 days after applica 


tion, or as long as plots were sampled Its long persiste hee 


Table 3.—Recoveries of insecticides added to extracts of 
green untreated and dried untreated alfalfa from Aurora 
and Minetto, New York. July, 1957. 





Py Crenr Recovers 
Avot NI 
ADDED Crreer 3-Day 
INSECTICIDI POM Samples Dried Samples 
Aldrin Qe 1b 9] 
) S| 105 
; RY 76 
5 St 
Dieldriy 0.2 67 
, | 
) Sf 
, low 
, 108 
; I 
Kendrit 2 10S 97 





From Minetto experime 
By bioassa 


on hay makes it less useful as an insecticide for forage to 
be fed to dairy cattle. 

Endrin residues were usually at about the limits of the 
level of detection in 28 days on the fresh alfalfa. Because 
of excessive interference on most of the dry hay samples 
and limited sample extracts, it was not possible to obtain 
data on most of the dry hay samples from the endrin- 
treated plots. Endrin residues were more persistent than 
those of aldrin but somewhat less than dieldrin residues. 

Some of the results in the tables show a great deal of 
variation, especially on the endrin and dry hay samples. 
This is believed to be due in part to interference in the 
alfalfa extracts. In a few instances bioassay was impos- 
sible because certain extracts from the alfalfa, possibly 
waxes, Caused excessive interference. No reason is sug- 
gested for the differences in initial deposit of the three 
insecticides. 

In view of present day knowledge on the conversion of 
aldrin to dieldrin on plants (Gannon & Decker 1958) it is 
unfortunate that the aldrin-alfalfa samples were not 
analyzed for dieldrin in 1956 and 1957. However, from a 
practical viewpoint, it is believed that if dieldrin on alfalfa 
at harvest (80 days) were present from the low dosages 
of aldrin used, it would not have exceeded the limitations 


of any known chemical methods to detect it. 
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The Role of Insecticide-Fertilizer Combinations in Influencing 


Development of Sugar Beets! 


J. A. OnNSAGER AND J. F. Scuunz? N 


ABSTRACT 


Applications of insecticide-fertilizer mixtures were made in 


the sugar beet seed-furrow. Evaluated materials exerted s¢ pa 


rate and indepe ndent influences on germination and subse quent 
development of beets with deleterious effects confined to beet 


j 


seeds and seedlings While beets did not re spond signilic intly to 


applications of up to 1 pound per acre of actual aldrin or hepta 
chlor, phytotoxicity from similar treatments with phorate 
Di-Syston® (O0,0-diethyl S-2-(ethylthiojethy 


ate) was expressed by reduction in germination, retarded seedling 


| pl osphorodithio 


growth, and inadequate final stands. Granulated formulations 
appeared to be slightly less phytotoxic than emu 


centrate formulations of aldrin, heptachlor, and phorate 


The sugar-beet root maggot, Tefanops myopaeformis 
(Rieder), 
ern United States, is also a pest of dry-land sugar beets 
in portions of the Red River Valley of North Dakota. It 


manifests its presence by the laceration of root hairs of 


a pest of irrigated sugar beets in areas of West- 


seedlings causing loss of vigor and wilting of the plant 
(Jones et al. 1952). Often the seedling’s tap root is severed, 
which results in death; plants which recover from less 
severe injury are often stunted, deformed and of low 
quality (Gojmerac & Callenbach 1956). Jones et al. (1952 
summarized the known history of the insect up to 1952 
Gojmerac (1956) and Callenbach ef al. (1957 
the biology of the insect in North Dakota. Their studies 
indicated that the adult flies emerged in June with the 
feeding observed in 
July. The maggot was reported to hibernate in the larval 
(1956) had pre 


reported this insect as native, its natural hosts probably 


reported 


most severe damage from maggot 


stage. Gojmerac & Callenbach viousls 


retroflerus, and lambsquarters, 
195-4, 
approximately $150,000 damage to sugar beets in the 
Red River Valley of North Dakota. While control of this 
insect in North Dakota may be accomplished by seed 


pigweed, Amaranthus 


Chenopodium album. By this insect had caused 


furrow applications of fertilizer impregnated with insect 
cide (Gojmerace 1957a), use of such mixtures has resulted 
in reduced germination and erratic growth of sugar beets 
(Gjomerac 1956, 1957b, Callenbach et al. 1957). There 

fore, a study was initiated to determine the relative 
phytotoxicity of certain insecticide-fertilizer combina- 
tions. 


rth Dakota Agricultural Ea 


ment Station. Fa 


MATERIALS. 


Ler ral types, greenhouse and field studies. Studies con 


Mertuops AND Research was of two 


ducted in flats of greenhouse soil (4 clay soil, } sand, and 
evaluated granulated formulations of aldrin, 
Di-Syston® (O,0,-diethyl oS 
rates of 0.5 
Each treat 


with all possible 


, Manure 


heptachlor, phorate and 
2-(ethvithiojethyvl phosphorodithioat at 
0.75, and 1 pound of actual toxicant per acre 


ment the seed-furrow 


Was placed I 
nitrogen-phosphorous combinations of 0,9 and 18 pounds 


$38-0-0 and 80 and 150 pounds per acre ol 


per acre of | 


0-48-0, All treatments were replicated four times with a 
total of 384 seeds subjected to each insecticide treatment 
Treatments were evaluated on the basis of stand and 
average green weight per beet at 21 days after seeding 

In 1958, seed-furrow applications of both emulsifiabl 
concentrate and granulated formulations of  aldrin 
heptachlor, and phorate and granulated Di-Syston were 
evaluated in replicated field trials at rates of 0.5 and 1 
pound of actual toxicant per acre combined with 150 
of 0-42-0. In 


aforementioned insecticide 


pounds per acre 1959, 1 pound actual per 


acre of the formulations was 
applied in the seed-furrow with 80 pounds per acre of 
5-40-0. In 1958, treatments were prepared by the mixing 
of appropriate ingredients in a small cement mixer and 
were applied with a conventional beet drill in rows spaced 
Difficulties encountered in. the 


20 inches apart main 


tenance of uniform mixtures of granulated insecticides 
and fertilizer were solved in 1959 by the use of an ¢ yperi 
mental planter that applied these materials separately 
Density of initial stands was recorded as the number of 
BCT 100), 
number of beets that fall 
selected 


Thinned stands and vield were 


beet-containing inches per LOO inches of row 
whic his hie re defined as thre 


exactly on J-inch intervals along a randomly 
100-inch segment of row. 
also recorded. 

All data were subjected to analyses of variance of the 
factorial type. Significant differences between treatment 


means were determined at the 5° 
use of Ducan’s Multiple Range Test 


level of error through 


ed 
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iol } 
ResUuLTS AND Discussion.--During conduct of this Table 1.—Emergence and green weight of 21-day-old 
95 study, 1958 and 1959, the sugar-beet root maggot popula sugar beet seedlings under greenhouse conditions. 
tion was at a low level. It is therefore believed that ; 
rial ‘ ; é bi AVERAGES FROM SIX 
results of this investigation reflect the influence of insecti FERTILIZER TREATMENTS* 
ann, cide-fertilizer mixtures on sugar beets without significant ACTUAI 
de effect by maggot activity. TOXICANT Relative 
: . : -ER : < ‘rvence Oo Ile 
2h l se of fertilizer hh the seed furrow exerted al obvious per Acri Emerge “i We ight Plant 
: : . INSECTICIDE LB y (grams) 
influence on emergence of sugar beet seedlings. It has 
mise! been established (Tisdale & Nelson 1956) that concentra Aldrin Control 100 0.085 ; 
a tions of fertilizer salts in proximity to seeds or plant roots 0.5 99.5 - 080 
0.75 $9.5 75 
are generally hazardous because dissolution increases j Pi ye 
; 94.5 82 
osmotic pressure of the soil solution, thereby decreasing 
moisture availability. Rader et al. (1943) have established Heptachlor Control 100 0.082 
the salt index of a fertilizer as a measure of this phenomen 0.5 94.0 O83 
75 98.9 82 
Preliminary studies indicated that) germination and ; ‘ a pe 
° e 0 
emergence were directly related to absolute soil moisture 
and inversely related to the salt index of a fertilizer rhimet Control 100 0.091 
treatment. No indication of a significant fertilizer-insec 0.5 92.0 060 
ticide interaction was detected. Therefore, it appeared we a ; — 
‘ : ( ‘ He 
that components of the evaluated insecticide-fertilizer ‘ 
mo mixtures had exerted independent influences on beet Di-Syston Control 100 0.125 
mn seeds and seedlings Whe following discussion ot the 0.5 86.3 094 
nd influences of the evaluated insecticides will be based on 0.75 78.5 . 089 
75 4 
oD) this assumption fae 080 
») i ¢ » ) até s ra able he se ; 
' \s Indic ated M data pre ented Me tal r I, the ass ol up Means bracketed by the same line do not differ significantly at the 5% 
ons to 1 pound of aldrin or heptachlor had no significant effect of error. 
if 
rte 
ds Table 2.—Initial stands and yield of sugar beets following seed-furrow applications of fertilizer impregnated with 1 pound 
of of actual insecticide per acre. 
al 
' INitian Sranp* (BCT/100) anp Yreup® (TONS/ ACRE 
| 
id INSECTICID B./A No L.S.D. at 
FORMULATION AND ANA : Insecticide Aldrir Heptachlor Phorate 1i-Syston 5% 
le 
ithe ) ) 7.88 1.SS 2.00 
n | . SO. $-$2-0 2.55 
( 9 90 1.5 12.4 S64 9 62 
l 
“ 7.12 5.38 +38 +38 
150, 0-42-0 3.90 
SS 11.4 10.1 11.0 
s 
r 12 6.50 6.62 i. 75 3.75 
¢; 150. 0-4 ) 1.°S 
7 »SS 10.4 by. ima 10.5 
,| 
12.1 10.9 13.3 7.25 
Krmulsior 150, 0-45-0 5.09 
l ) 12.6 12.2 
2] 14.0 15.3 9.38 9.88 
{; } 150. O- 45-0 4.25 
{ | 3.8 13.3 11.9 12.3 
S 50 ) s ) 6.12 6.25 
| H SO. O- 45-0 1.72 
| | 6.9 16.2 15.3 15.2 
1g.) ) S.50 >. 3S 6.75 
SO, 5-40-0 3.69 
16.9 16 ¢ IS.6 18.5 15.5 
) A) » SSS $ 02 5 38 
150. 0-45-0 $3.78 
lf | 17.8 la.3 13.1 
l 
Ir | 1 
S , 
Apy ni 
‘7 

















722 JOURNAL OF Economic ENTOMOLOGY Vol. 54, No. J 
g 191 | 
: | 
oq '8- 
3 . ° | 
= 17- ” | 

© 
W 16 - , | 
- © 
x @ 
15- 
x Ea 
wi * . = © | 
: 14 x | 
- * x 
W 13 - | 
= | ° i, | 
| 
4 
it 
WJ 
@ ] - x | 
= | 
> 107 x | 
x 
94 x ©1958 | 
| x 
© =1959 
8+ x 
| 
L - | 
 F T T T T t a T T we T T 
io 44 12 13 #14 #15 #16 #417 «+16 «19 2.0 251 22 


AVERAGE WEIGHT PER BEET (POUNDS) 


Ficgune 1 


on either emergence or early growth of greenhouse-grown 
sugar beets. However, it was found that similar treat 
ments with 1 pound of either phorate or Di-Syston did 
result in significant reductions in emergence. While use of 
the one-half pound rates of these latter two compounds 
did not significantly influence emergence, early seedling 
growth was significantly retarded by as much as 25°;. 
Since the minimum recommended field density of sugar 
beets in North Dakota is a beet at every 18-inch interval 
in rows spaced 20 inches apart, it is readily calculated 
that the initial stand must contain a minimum of 6 
BCI/100 in order to allow for proper thinning. However, 
in actual practice, it was found that initial stands must 
contain at least 7.5 to 8 BCI, 100 to provide a desirable 
thinned stand. It was then concluded that use of treat 
ments capable of the depression of initial stands to levels 
lower than 7.5 BCI/100 should be avoided. Use of half 
pound rates of the evaluated insecticides did not signifi 
cantly influence initial stands. Data given in table 
indicate the use of 1 pound of either phorate or Di-Syston 
regularly resulted in stand reductions of significant 


7) 


magnitudes, and that the subsequent initial stands were 
often well below the desired minimum density. Use of 1 
pound per acre of aldrin or heptachlor did not signifi 
cantly influence initial stands. While no significant differ 
ences between granulated and emulsifiable concentrate 
formulations of an insecticide were detected, stands were 
usually lowest following treatment with emulsifiable 
concentrates. These differences were attributed to phyto 
toxicity of solvents and or emulsifying agents 

When initial stands of less than 7.5 BCI/100 differed 


Numbers of beets and average weights per beet in field trials. Grafton and St. Thomas, North Dakota 


significantly from each other, the difference was usually 
retained after the thinning operation. While yields were 
usually directly related to density of the thinned stand, 
they did not vary significantly because of compensation 
for missing beets by accelerated growth of those beets 
that surrounded a gap. Figure 1 illustrates the inverse 
relationship between the density of sugar beets and the 
average size pel heet. This led to the belief that the del 
eterious effects of an insecticide-fertilizer mixture in the 
seed-furrow had been confined primarily to beet seeds 
and VvVoung seedlings. Howe ver, oversized hee ts cannot be 
handled efficiently and excessive growth usually occurs 
at the expense of storage, resulting in relatively low 
vields of sucrose. Thus, uniform stands of the recom 
mended density were mandatory 

Since initial stands were occasionally lower than 7.5 
BCI 100 where no insecticide had been applied, it Was 
concluded that high concentrations of fertilizer cannot 


safely be placed In the sugar heet seed furrow. 
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A New \pproach to | 


J. R. Brazzer,? T. B. Dav 


ABSTR 


Late-season applications of insecticides were made on 525 
i) 


acres of cotton in the Big Bend area of Texas during 1959 to re 
duce the overwintering population of boll weevils (Anthonomus 
grandis Boh 
applied on a 12- to Peday schedule beginning just prior to hat 
vest and continuing until frost killed the cotton. The program 


Four’ applications ol methyl parathion were 


was designed to kill boll weevils before they attain a state of dia 
pause, a physiological condition ino which they survive th 


winter. Results indicated a substantial reduction in population 


As a result of the early investigation of the boll 
weevil, .futhonomus grandis Bol... most entomologists 
concluded that the most important control measure was 
the elimination and destruction of the insect population 
hetween cotton crops. ‘Townsend (1895) recommended 
destruction of the msect in the field following harvest by 
burning stalks and other measures. Howard (1896, 1897 
recommended the use of insecticides between crop seasons 
to destroy overwintering boll weevils. This author also 
recommended spraying of early planted trap plots in the 
spring with an arsenical in preference to hand picking of 
the insects. These early investigators believed that early 
stalk destruction followed by deep plowing would prac 
tically eliminate the boll weevil 

Hunter & Hinds (1904 reported that the prospects of 
successful hibernation by the boll weevil were multiplied 
many times i the cotton stalks were not destroved in the 
fall. Newell & Paulsen (1908) attempted to destroy the 
cotton plants with chemicals to reduce feeding and breed 
ing of the weevils in the fall. Walker & Hopkins (1956 
reported on tests designed to lower overwintering popula 
tions by treating overwintering quarters around the edges 
of cotton fields with insecticides 

Mally (1900, 1901) expressed the belief that a distinct 
overwintering brood of boll weevils was produced late in 
the season in areas where cotton was killed by frost. He 
believed the females of this generation laid few if any 
eggs in the fall before going into overwintering quarters 
These early investigations resulted in formation of a boll 
weevil control program as follows: (1) Cultural practices 
of stalk destruction and plowing in the fall to lower 
overwintering populations. (2) Early planting of early 
maturing cotton varieties to escape the late-season build 
up of boll weevil populations 

The early stalk destruction program currently prac 
ticed in parts of Central Texas and the Lower Rio Grande 
Valley as part of the cultural control program for the pink 
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Soll Weevil Control! 


ion and L. D. Harris 


AC 

f overwintering weevils in the treated area. During 1960 boll 
weevils were found on May 10 in the untreated check area. The 
first weevil damage was found in the treated fields on July 6 
Some fields in the treated area were free of boll weevil damage on 
August 25. The delay of buildup of the boll weevil population 
ippears to be great enough to delay the start of the control pro 
yram sufficiently to effect substantial savings on the insect con- 
trol program. The program offers some promise as a tool in boll 


weevil eradication 


hollworm (Pectinophoragossy piella (Saunders) ) is generally 
credited with aiding in the boll weevil control problem by 
reducing the overwintering population. Even with stalk 
destruction, however, enough boll weevils survive the 
winter to require insecticide treatments during the second 
or third generation the following season. 

Recent studies indicated that boll weevils overwintered 
in a state of diapause and that substantial numbers 
attained this condition and left cotton fields for over- 
wintering quarters just prior to and during the cotton 
harvest’ period (Brazzel & Newsom 1959, Brazzel & 
Hightower 1960). Results of these studies indicated that 
sizable reductions in the overwintering boll weevil popu 
lation would require supplemental control measures during 
the harvest period in addition to early stalk destruction. 
In areas where cotton harvest was not completed until 
after frost had killed the cotton plants, stalk destruction 
would have little bearing on numbers of overwintering 
weevils and practices during the harvest period would be 
necessary to reduce the overwintering population. 

Research on diapause in the boll weevil indicates that a 
feeding period of several days to possibly 3 weeks is 
necessary for the adult to accumulate fat reserves and 
enter a “firm” state of diapause. Seasonal studies indicate 
that boll weevils begin to diapause in cotton fields when 
the plants approach maturity. This is generally the time 
when insecticide treatments are terminated. The insee 
ticide-free period in the cotton field during the fall, 
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between the end of regular season treatments and stalk 
destruction by frost or chemical or mechanical means, 
may be a few weeks to more than 2 months. In most 
areas, it is during this period that the diapause popula- 
tions of the boll weevil develop. It seemed logical that 
any measures used during this period that would prevent 
the weevils from attaining diapause would reduce the 
overwintering boll weevil population. A preliminary test 
conducted during 1958 (Brazzel 1959) indicated that 
applications of methyl parathion made at 10- to 12-day 
intervals during the fall were effective in reducing the 
diapause population. This author emphasized that the 
insecticide treatments were not preventing the occur- 
rence of diapause; but, the weevils were killed by the 
insecticide before they could attain the diapause condi- 
tion. These results obtained to date indicate that a 
chemical and cultural control program designed to re- 
duce overwintering boll weevils would be as follows: 
(1) Insecticide applications at 10- to 12-day intervals 
after the regular season control program was finished. 
(2) Continue applications until defoliation and ies 
iceation, stalk destruction or killing frost had destroyed 
boll weevil food and breeding sites. 

A field test was conducted during the 
Presidio, Texas, area to test this program and is the sub 


1959-60 in 


ject of this report. 

ProcepurE.— Because of limited data on the extent 
and distance of boll weevil migration and dispersal it was 
considered necessary to locate this experiment in a boll 
weevil infested area with as much isolation from other 
cotton as possible. The most suitable location available 
was in the Presidio and Redford Valleys along the Rio 
Grande River in the Big Bend area of West Texas. The 
western movement of the boll weevil into this area oc- 
curred in 1953 (Robertson 1957) and the economic dam- 
age by this pest has increased each year. The cotton- 
growing acreage in the Big Bend is the irrigated land on 
both sides of the Rio Grande River from Lajitas in the 
southeast to Candalaria 100 miles to the northwest. The 
area included in this experiment included about 3,400 
acres in the Presidio and Redford Valleys with 2,800 
acres in Texas and the remainder in Mexico. 

The Redford Valley is located about 20 miles south- 
east of Presidio. There was approximately 525 acres of 
cotton planted on the Texas side and 200 on the Mexican 
side of the river in 1959. The destruction of a small area of 
stubble cotton at Lajitas resulted in at least 100 miles’ 
isolation from cotton to the north, east and south of 
Redford. Scattered fields totaling about 75 acres on the 
west end of the Redford Valley were located about 8 
miles from the plantings around Presidio. 

The Redford area was divided into upper, central and 
lower Redford (fig. 1) with approximately 75, 400 and 50 
acres of cotton located in each area, respectively. The 
fields located in upper Redford were scattered in rough 
terrain making aerial application of insecticides difficult. 
Most of the cotton acreage on the Mexican side was di 
rectly across the river from this area. The fields in cen- 
tral and lower Redford were located in open land along 
the river with few obstructions to hinder insecticide ap- 
plications. Approximately 20 acres of cotton was located 
in six small plantings in Mexico across from central and 
lower Redford. 
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By treating the entire acreage in the Redford Valley it 
was possible to obtain approximately 15 to 20 miles’ isola 
tion for the 400 acres in the central Redford area from un 
treated cotton in the Presidio Valley. 

The farmers started control measures in the Redford 
and Presidio Valleys in late June and early July and ter- 
minated them about September 15 to 20. Generally, the 
insect control program consisted of aerial applications of 
dieldrin-DDT or BHC-DDT dust at 7-day intervals. 

Boll weevil infestation records, started on August 25, 
1959, were made twice weekly at 10 points in Presidio 
and 20 points in Redford. On September 1, a 2’ 2’ 
tanglefoot trap that stood above the cotton terminals was 
placed at each point from which infestation records were 
obtained. The weevils were collected weekly from. the 
tanglefoot traps. Beginning August 25, samples of boll 
weevils were collected at intervals from fields in the two 
areas and dissected to determine the diapause status of 
the weevil populations. The criteria used in’ making 
diapause determinations were described by Brazzel & 
Newsom (1959) and Brazzel & Hightower (1960). The 
presence of boli weevils in intermediate stages of dia 
pause, based on the dissection records, was used to deter 
mine when to start insecticide applications. 

Four insecticide applications were made on a 12- to 14 
day schedule beginning on September 30 on all cotton at 
Redford and on the acreage opposite central Redford. 
The acreage in Mexico opposite upper Redford was 
treated two times, October 2 and October 27. The three 
small fields opposite lower Redford were not found until 
September 25 and at that time the cotton leafworm had 
completely destroyed the foliage and fruit. 

Ground trash from the edge of fields in both areas was 
examined for over-wintering boll weevils on February 5 
and 6, 1960. Approximately 10 square yards of trash was 
examined from each of four locations in both areas. Sam 
ples were taken in Redford from the edge of fields of P 
Carrasco, V. Carrasco, R. Madrid and Estrada. Samples 
from Presidio included two from Slack and one each from 
Soza and Daniels. 

During 1960 the same fields used the previous vear for 
obtaining infestation records, insofar as possible, were 
examined to determine the effect of the program on the 
boll weevil population. Before squaring started the plants 
were examined for boll weevils and observations were 
made on predator populations to determine if the insect 
cide applications adversely affected them. After squaring 
started, infested square counts were made in the fields in 
both areas to compare the rate of buildup of the boll wee- 
vil populations. Counts of 300 to 600 squares were made 
at 3- to 5-day intervals in 10 fields in each area 

Resuutts AND Discussion. The percentage of pune 
tured squares found in fields in the Redford and Presidio 
areas during 1959 are given in table 1. Heavy infestations 
were evident in upper Redford and some fields in’ the 
Presidio area by August 24. By mid-September, when the 
regular season control applications were terminated, 
there was a heavy general infestation over both areas 

The application schedule for the four late-season treat 
ments is given in table 2. Even though the applications 
were made at intervals of 12 to 14 days, the square in 
festation remained relatively low during this period 


Many farmers continued to irrigate the cotton and in | 





{ 
| 


| 


SO] 
an 
tre 
are 
tra 


Se] 


tio 


Fic 


lley it 
isola 


i un 


dford 
d ter 
y, the 
ons of 
ist 25, 
esidio 
2 x2’ 
Is Was 
; were 
nthe 
f boll 
e two 
tus of 
aking 
zel & 

The 
f dia 
deter 


to lt 
on at 
Ilford. 
| Was 
three 
until 
n had 


D Was 
sam 
of P 
mples 


from 


ar for 
were 
nh the 
ylants 
were 
sectl 
aring 
lds in 
| wee 


Une 
sidio 
tions 
nthe 
n the 
ated, 
as 

Treat 
tions 
re in 
‘riod 


ad in 


August 1961 


some cases a fair crop of bolls was set in late September 


and early October. 

The numbers of boll weevils caught on tanglefoot 
traps in the treated Redford area and untreated Presidio 
area are given in table 3. The record of 58 weevils on 20 
traps in Redford and 30 on 10 traps in Presidio from 
September 1 to October 5 indicates little difference in the 
weevil populations before the methyl parathion applica- 
tions were started. However, there was a 92° reduction 


MEXICO 
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in the number of weevils collected from traps in the 
treated Redford area compared with the untreated 
Presidio area for the remainder of the season. 

The reason for the reduction in trapped weevils in the 
treated area is not known. It could be an indication of a 
general decrease in the total weevil population; however, 
no difficulty was experienced in collecting samples of 
adult weevils in fields of both areas during this period. 
The square infestations in Presidio were generally higher 


UPPER REDFORD 


TEXAS 


CENTRAL REDFORD 


LOWER REDFORD 


RIO GRANDE RIVER 


Map of the cotton acreage in the Redford Valley showing the location of fields used to obtain records of boll weevil infesta- 


tions during 1959 and 1960. 











726 JOURNAL OF Economic ENTOMOLOGY 


Table 1.—Percentage boll weevil punctured squares in 


Redford and Presidio areas in 1959. 


Vol. 54, No. J 


Table 3.—Number of boll weevils caught on tanglefoot 
traps in the Presidio and Redford areas, 1959. 





INFESTED SQUARES (% 


Sept 
\ug Oct Nov 
FieLp 24 I 7 14 21 2&8 5 ) 
Redford 
Hernandez 26 24 15 
Estrada 74 39 59 69 66 49 67 61 
R. Madrid 28 17 52 60 45 50 71 tS 
T. Carrasco 71 56 51) 62) O63) OB 52 19 
Raul Madrid r it (2. 16-8 H) 8 
Morales } 7 2+ 26 28 40 24 tl 
Evaro 3 7 24 2 95 53 4 13 
Alvarado | >» 23 24 12 #13 »s 1) 
V. Carrasco 13 i2@ 32 $4 33 41 32 17 
Ruben Madrid 5 1 25 20 8 12 5 ) 
Dominquez I 6 19 19 18 19 19 7 
P. Carrasco ; 4% 62 48 43 49 &R oh 
Pena 3 10 21 Re) 35) 32 4 | $2 
Pre / 
Soza | 57 74 8O 60 8&2 67 9] 
Armendariz 6 7 17 43 9 47 j3Y 59 
Daly 7 13 30 52 0=4«215 «50 7 63 
Rodriquez 6 ll 16 39 7 87 61 57 
Velasco ) 5 6 ig $] 61 73 62 
Daniels 9 14 It SO 
Slack Is 9 $5 79 25 63 6 SS 
Slack 5 51 S81 92 71 86 TY SY 
Herrera 5 2 9 70 30 By | 74 
Nieto 3 is) ) 7) 6 15 tS 78 





during this time and possibly this resulted in more weevil 
flight in search of desirable food and oviposition sites 
Another possible explanation is that many of the weevils 
caught on traps in Presidio were diapause weevils leaving 
the field. These weevils were not examined to determine 
if this was true but examination of trapped weevils in un 
treated fields in Central Texas failed to reveal large 
numbers of individuals in diapause. In fact, most weevils 
collected on traps and dissected were reproductive. In 
view of this, the fact that fewer weevils were trapped at 
Redford is probably an indication of a reduction in total 
boll weevil population in the area 

Diapause determinations, sex ratios and reproductive 
activity made from dissected samples of adults collected 
in the Big Bend area are given in table +. No diapausing 
weevils were found in two collections made at Lajitas on 
August 25 and September 10. The cotton was destroyed 
September 15. In 1960 approximately 70 acres of cotton 
were planted at Lajitas. This cotton was inspected 


September 10, 1960, and three boll weevil punctured 


Table 2.—Application schedule for late-season methyl 
parathion treatments in the Redford Valley, 1959. 





APPLICATION 


NUMBER Dari Area TREATED 
l Sept. 30-Oct. 2 Redford and Mexico 
? Oct. 12.15 Redford and Mexico opposite 
central Redi rd 
3 Oct. 24-27 Kedford and Mexico 
t Nov. 7-8 Redford and Mexico opposite 


central Redford 





REDFORD PRESIDIO 


Dati 20 TRAPS 10 TRAPS 
Sept 1-Oct. 5 5S 30 
Oct. 5-Nov. 27 s 5) 





squares were found within 6 feet of row. This was prob- 
ably caused by a migrating boll weevil. 

An indication of reproductive activity of the boll wee- 
vils is given by the numbers of mature eggs found in the 
oviduets of dissected females. Generally, r ‘productive 
activity was greater among the weevils collected in the 
treated Redford area than from untreated areas. This 
was probably because the average age of the weevils in 
the treated area was lower than for the untreated areas 
and most of the nonreproducing diapause weevils were 
killed. Also, most of the cotton in the treated area pro 
duced squares vigorously until frost since the farmers 
watered the cotton later in the season than in the un 
treated areas. 

In the diapause determinations an arbitrary classifica 
tion of intermediate was used for weevils that (1) were 
not reproducing, (2) showed atrophy of reproductive 
organs and (3) had a noticeable increase in fatty tissue. 
Weevils were classified as being in diapause if they ap 
peared to be ina similar state to that of weevils collected 
from ground trash the previous fall. 

The first evidence of the occurrence of diapause in the 
boll weevil populations was found in the September 10-11] 
collections. table +. Regular season insecticide applica 
tions had been stopped in some fields at this time and 
were terminated in the entire area during the following 
week. Diapause weevils in large numbers were found in 
the Septembe r 24 collection, From 13°7 to°20°7 of the 
weey ils collected It Presidio, Mex . and upper Redford 
were in diapause and higher percentages were classified 
as being in intermediate stages. No diapause weevils were 
found in central and lower Redford in’ this collection. 
More than 80°¢ of the diapause weevils found in the up 
per Redford areas were collected in Cano’s field (fig. 1 
This field had not been treated or irrigated since the lat 
ter part of August and conditions were ideal for diapause 
to occur in the population 

The entire test area should have been treated on 
September 24 but because of a de lay in delivery of the 
insecticide it was not possible to start the first complete 
application until September 30. The fields of Cano, 
Hernandez and Estrada were treated on September 26 
and thereafter on the regular schedule for the entire area. 

Subsequent collections of adults on October 7 and 
October 21, immediately prior to insecticide applications 
2 and 3, indicated a reduction in the diapause population 
in upper Redford. At the same time the diapause popula- 
tion Was increasing in untreated areas. No diapause wee 
vils were found in the November collections from upper 
Redford. One diapause weevil was found in central Red 
ford in the October 7 collection and none were found in 
lower Redford during the test period. There was little 
difference in the percentage of weevils of intermediate 


classification in the treated and untreated areas. 
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Table 4.—Dissection records of boll weevils collected in Presidio, Redford and surrounding areas, 1959. 





Sex Ratio 


NUMBER 
No EGGs 


Dart LOCATION M:F DisskerTeD Fema Reproductive Intermediate Diapause 
May 20 Presidio & 13:2 15 2.5 15 0 0 
Redford area 
Aug. 25 Lajitas 19:10 29) 1.4 20) 0 0 
thru 26 Redford area 23295 IS 0.7 tS 0 0 
Presidio area 36218 i4 2.6 Jt 0 0 
Sept. 10 Upper Redford 102°92 120 1.6 110 10 0 
thru 11 Lajitas 52:26 he 3.6 37 5 0 
Central Redford 28327 KM) 3.3 39 I 0) 
Presidio area 69255 th) 1.2 37 | ) 
Sept. 15 Central Redford 13:7 My 0.6 16 t 0 
thru IS Lower Redford 34:31 tl 0.2 30 11 0 
Presidio area ia; bo $6 O.” 32 1 a 
Sept. 24 | pper Redford 109:71 107 Olo 6l ay >| 
thru 25 Central Redford 6216 36 1.0 ay 9 0 
Lower Redford 1O2 48 tp 1.8 35 5 0 
Presidio area 76:35 SU Ot 38 17 10 
Mexico 128:86 100 0.3 68 1s 14 
Oct 7 Upper Redford 2142209 120 0.7 sO i$ 4 
Central Redford 117:84 80 ‘3 67 12 l 
Lower Redford $5242 1) rs. $4 6 a 
Presidio T6245 0 O.4 2 It 14 
Oct. 21 Upper Redford 115:87 120 0.0] 74 36 i0 
thru 28 Central Redford 89287 95 1.0 75 1) 0 
Lower Redford 12:48 50 1.0 oO iD 0 
Presidio $2235 Th) 0.6 16 lt 10 
Mexico 155298 SO 0.2 37 38 5 
Oct. 27 Upper Redford S8:77 SO) 2 13 6 l 
thru 29 Central Redford £430 H) 0.4 27 13 0 
Lower Redford 27228 35 0.4 bi 15 0 
Ni ; Upper Redford 142: 116 120 1.0 o0 30 0 
Central Redford 1392117 120 1.4 OS 22 0 
Lower Redford ry oe td tf) 2.2 39 l 0 
Presidio 67:58 mal 0.5 13 IS 19 
No 6 Presidio 9225210 250 O.< 129 SOS a 
No 0 Upper Redford 0 0 0 0 0 0 
Central Redford bi 5 0.0 1 | 0 
Lower Redford ES 6 O.0 8 3 0 
Presidio O8:77 law og 6S 6 Ss 





Phese results indicate virtually 1000, effectiveness of 
the program in prevention of diapause boll weevils in 
central and lower Redford. Weevils in diapause were 
found in upper Redford because of the fact that farmers 
stopped their control program earlier than anticipated, 
experimental treatments were delayed and, because of 
the topography of the area, it was difficult to obtain good 
insecticide coverage with an airplane 

Trash examinations were made for boll weevils in the 
treated and untreated areas during February, 1960. No 
boll weevils were found in approximately #0 square vards 
of trash from Redford fields. In the 
trash collected from the Presidio areas 22 diapause boll 


sume amount of 
weevils were found. 

These results indicated 100°; reduction tn diapause boll 
weevils in the treated areas. Five specimens of a weevil 
that closely resembled the boll weevil were found in the 


trash collections, two in Redford and three in Presidio. 


This weevil, .tuthonomus texcanus Dietz (Pierce 1908), is 
native to southwest Texas and northern Mexico. The host 
plant is a wild malvaceous plant, Sphaeralcea augustifolia, 
which is found in abundance in the Presidio and Redford 
Valleys all season. Several specimens of A. texanus were 
collected from S. augustifolia and reared from the fruits 
during 1960. These adults cotton 
squares or the fruit of the wine cup, Callirrhoe involucrata, 


would not feed on 


a wild mallow found in Central Texas. None of these wee 
vils were observed on cotton in the Big Bend area during 
1960 

An inspection of the cotton fields was made on May 10, 
1960, when the cotton ranged from the cotvledonary to 
four-leaf stage. Five fields in each area were examined ex 
tensively for boll weevils and predators. No weevils were 


found in the Redford plantings and two female weevils 











728 JOURNAL OF Economic ENTOMOLOGY Vol. 54, No. 4 
Table 5.—Percentage of cotton squares damaged by boll weevils in fields at Redford and Presidio, 1960. 
INFESTED SQUARES (% 
June July \ug 
FieLD 7 13 15 17 2] 23 27 30 6 11 22 30 a) 12 IS 4) 
Redfi rd 

Estrada 0 0 0 0 0 0 0 0 l 3 0 It 23 22 38 74 
Cano 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ) 
R. Madrid 0 0 0 0 0 0 0 0 0 0 0 0 0 1 ) t 
T. Carrasco 0 0 0 0 0 0 0 0 l 0 a 3 4 ) 5 10 
Raul Madrid 0 0 0 0 0 0 0 0 0 0 0 0 0 0 | 6 
A. Pena 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1) 0 
Alvarada 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 a 
Ruben Madrid 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

P. Carrasco 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Pena 0 0 0 0 0 0 0 0 0 1 0 0 I 0 | 14 

Pre sido 

Ss 10 16 0) 24 28 6 11 19 30 t 13 9 6 
Garcia l l l 0 l 0 I 2 D 14 10 9 21 27 
Soza J t l l ) | 7 7 17 30 39 3 68 71 
Armendariz 0 0 0 0 0 l 2 ) $ 10 6 6 5 12 
Daly l l I l l l 2 a) S S 14 12 6 17 
Velasco 0 0 0 l 0 0 2 l ] S 5 t ) 15 
Daniels 0 0 0 0 0 0 l 3 > 16 11 S 1] 13 
Turner 0 l l l 2 I l , 9 6 t ) 16 37 
Slack I 0 l l 3 3 t 7 ! 75) 60 a) 52 6 
TAGs 0 I I I I 0 3 l | 5 3 ) 11 16 
Nieto 0 0 0 0 0 1 ) 3 4 1s 12 14 1] 0) 





were found in one field at Presidio. Few predators were 
found in either area with no apparent difference in the 
areas. A few cabbage loopers (Trichoplusia ni (Hiibner 
were found on the cotton. 

A second inspection was made of the fields on May 31 
and June 1. Most of the cotton was producing squares 
and a few blooms were found in one field. Cotton was ex 
amined in five of the earliest planted fields in each area. 
No boll weevils or punctured squares were found in the 
Redford area. Two of the five fields examined in Presidio 
were infested and eight adults were found in one field. 
The predator population in both areas was extremely high 
with no apparent difference in the two areas. Rarely was a 
cotton plant examined that did not contain one or more 
predaceous insects. Large numbers of —ladybeetles 
(Colops spp. and hooded beetle (Notoxus spp.) were found 
with lesser populations of Orius spp.. lacewing larvae, 
big-eved bug and species of Reduvidae. These observa 
tions indicated that the four applications of methyl para 
thion during the previous fall had no apparent adverse 
effects on predator populations that developed the follow 
ing spring. 

The cotton fields were remarkably free of injurious in 
sects at this time. Only two bollworms (//eliothis zea 
(Boddie)) were found in squares during the 2-day inspec 
tion of fields. The overwintered boll weevil population 
seemed to be lower than would have been normal for 
Central Texas with cotton at this stage of development. 
It seemed apparent either that survival was extremely 
low or that spring emergence was not complete. The 
spring rainfall could have been a factor that delayed 
emergence. The rainfall during 1960 was as follows: 
February—0, March—0.09"’, April—0.02” and May—0 
During May, 1959 more than 3” of rainfall was recorded. 


The results of counts of punctured squares made in 10 
fields each in the treated Redford and untreated Presidio 
area in 1960 are given in table 5. During June no boll 
weevil infestations were found in Redford. During this 
same time boll weevil infested squares had been found in 
all the Presidio fields except: Daniels’, which was the 
latest planted cotton in the entire region. 

All infestations were very low during this period. First 
generation weevils were found about June 10 and the 
second generation began to emerge during the latter part 
of June. Examination of infested squares on the ground 
indicated a high level of climatic control of first-genera 
tion weevils. The average maximum temperature during 
June was 107.5° F. and there was only 1 day with a high 
of less than 100° F. The maximum temperature during 
the month was 117° F. on June 18. All squares examined 
that dropped out in the middle of the row 


direct rays of the sun could strike them contained dead 


where the 


larvae. In the larger cotton that offered more shade, live 
pupae and larvae were found in squares that dropped 
near the base of the plant. 

Most of the cotton in both areas completely shaded the 
ground by July. The shading and regular irrigation re 
sulted in a sharp drop in natural control during July 
Also, for this region, wet weather prevailed during July 
Rainfall was recorded for 10 days during the month with 
total precipitation of 2.8". 

Beginning in July and for the remainder of the season 
all fields checked in the Presidio area were infested with 
boll weevils. The first infestation in upper Redford was 
found in Estrada’s and Carrasco’s fields on July 6. A 
trace infestation was found in lower Redford in Pena’s 
field on July 11. These were the only infested fields in Red 
ford until August 12 when weevil damage was found in 
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Table 6.—Percentage of squares damaged by the bollworm in Redford fields, 1960. 





June 

LOCATION 23 27 30 
Estrada Le 3.0 1.0 
Cano 0.6 0.6 1.0 
R. Madrid 0 0 0.6 
I’. Carrasco 0.3 0.6 1.3 
Raul Madrid 0 0.6 0 
\. Pena 0.3 0.6 0 
Alvarada 0 0 6.3 
Ruben Madrid 0 0.3 1.0 
P. Carrasco 0.6 0 0.6 
Pena 0 0 1.0 


BottwormM DAMAGED SQUARES (%) 


July August 
6 8 15 22 12 Is 
9.0 12.3 8.0 22.3 4.3 0.8 
1.0 Lg 6.0 19.3 4.8 $.5 
0.6 1.3 6.3 30.0 5.8 8.5 
1.0 2.3 6.5 24.8 3.0 10.5 
2.6 4.0 5.5 11.3 4:3 6.8 
3.3 3.3 5.0 7.6 4.3 3.8 
0.6 1.0 2.0 7.0 0.8 1.3 
0.6 1.6 5.8 7.8 2.8 2.9 
1.6 1.3 §.3 18.5 5.8 6.8 
2.3 2.6 6.3 14.0 6.8 6.0 





R. Madrid’s field in upper Redford. By August 25 all 
fields in upper and lower Redford were infested as well as 
Raul Madrid’s field in central Redford. The remaining 
three fields that were inspected regularly in the central 
Redford a 
August 25. 

Infestation records were obtained in Mexico beginning 
on July 11. At this time a rather general but low level in 
festation was found directly opposite lower and upper 
Redford but none opposite central Redford. Infestation 


counts made in’ Mexico opposite Presidio on July 27 


rea were not infested by the boll weevil on 


ranged from 0°; to 52°07 with an average infestation of 
2667 in 10 fields. On August + one field was found opposite 
Redford, which had been treated one time during 1960, 
with a boll weevil infestation of 80°7. Most of the cotton 
on the Mexican side was being treated on a 7- to 10-day 
schedule of applications. 


© 


Insecticide applications for boll weevil control we 
started in the Presidio areas by some farmers on June 13. 
Most of the fields had been treated one or more times by 
July 8. Some fields in this area that were near satisfactory 
boll weevil hibernation sites, but not included in the 10 
fields used for records, were more than 50°; infested by 
the boll weevil by July 5S. 

The first insecticide application in the Redford Valles 


was made by Estrada on June 24 when a few cotton 


leafworms flabama argillacea (Hiibner were found. 
Predator populations in’ the Redford area averaged 
two or more predaceous insects per foot of row and were 
doing an excellent job of holding in check populations of 
the bollworm and cabbage looper during this period. 
\fter this application of insecticide, the bollworm = in 
festation increased steadily in Estrada’s field (table 6 
until 907 of the squares were damaged on July 6 and 
DDT was recommended for contrel. In the remainder of 
the fields examined in the Redford area the infestation 
was not high enough to warrant insecticide applications 
but all fields were treated between July 7 and 10. At 
tempts to limit the insecticide used to DDT were unsuc 
cessful and this application, as wellas all subsequent ones, 
included an effective boll weevil insecticide in addition to 
DDT. Insecticide applications were made on approxi- 
mately 7-day intervals in both Presidio and Redford ex 
cept during July when frequent showers washed off treat 
ments. 

Undoubtedly the use of effective boll weevil insecti 


cides in the bollworm control program contributed to the 
delay in the buildup of boll weevil infestations in many of 
the Redford fields. However, these results indicate that, 
with the possible exception of Estrada’s, T. Carrasco’s 
and Pena’s fields, treatments for boll weevil control would 
not have been necessary before some time in August. A 
final inspection was made in the Presidio and Redford 
areas on October 26. The boll weevil damage to the 
cotton in the Presidio area was readily apparent as 2 to 4 
feet of the terminal growth bore no bolls. The exception 
to this condition was caused by a few farmers who de- 
creased the treatment interval sufficiently to obtain satis- 
factory control. In the Redford area, with the exception of 
Estrada’s field, the cotton had set bolls to the terminals. 
Farmers in the Presidio area considered the 1960 infesta- 
tion to be the worst since the boll weevil became estab- 
lished in the area. Yet the farmers in Redford, except 
Estrada, made a cotton crop without boll weevil pressure. 

Farmers in the Redford area were of the opinion that 
low overwintering boll weevil populations saved them 
two or possibly three applications of insecticide in June 
and early July. However, the severe bollworm infestations 
and rainy weather later in the year increased the cost of 
the control program to approximately the same as for 
1959. It is probable that bollworm pressure would not be 
so severe every year as in 1960 and the initiation of ap- 
plications could be delayed as long as the predators kept 
them under control, resulting in substantial savings on 
insecticides. 

The results of this experiment indicate that the late- 
season insecticide applications in 1959 materially reduced 
the numbers of overwintering boll weevils in the Redford 
area and possibly eliminated them in central Redford. It 
must be assumed that a few weevils survived in the 
vicinity of Estrada’s and T. Carrasco’s fields. However, 
these fields were the nearest to the untreated Presidio 
area and the cotton in Mexico that was treated only two 
times late in the season in 1959. Also, weevils that were 
classified as being in diapause were collected from Es- 
trada’s and Cano’s fields in 1959 but weevil damage was 
not found in Cano’s more isolated field until August 25. 
It is assumed that the weevil infestations found in central 
Redford in late August and September resulted from 
migrating adults since it is highly unlikely that an in- 
digenous population would have developed so slowly. 

The basis of this program is to prevent any boll wee 








vils from attaining “firm” diapause and leaving the field 
in the fall. The destruction of cotton plants late in the 
season by frost, chemical or mechanical means is effective 
for this purpose. The insecticidal phase of the program is 
necessary immediately prior to and during harvest while 
cotton fruits are available for food and breeding. Thus, 
the shortest cotton harvest period possible would be ideal 
for the success of the program. In this respect the Presidio 
and Redford areas furnished a severe test for the program 
since field conditions were ideal for the occurrence of 
diapause in the populations for about 2 months, most of 
the cotton fruited profusely until frost, none of the cotton 
was defoliated and hot days late in the season prior to a 
killing frost resulted in extensive weevil breeding. In 
many areas of the Cotton Belt the period in which dia 
pause weevils would be produced could be shortened by 
such practices as defoliation or desiccation and mechan- 
ical stalk destruction. 

The promising results obtained in this experiment indi 
cate a need for further research to determine if this pro 
gram could be integrated into present cotton insect con 
trol programs. Several advantages of reducing the over- 
wintering population of boll weevils sufficiently to elimi 
nate control measures until late in the following season 
are readily apparent. In many cases when insecticide ap 
plications are made for boll weevil control, damaging in 
festations of the bollworm, cabbage looper, spider mites 
and other pests develop as the result of destruction of 
predator and parasite populations. A delay of applica 
tions for control of damaging boll weevil infestations 
would permit more effective use of natural control factors. 

If insecticide applications for boll weevil control could 
be delayed until late in the season, fewer generations of 
the insect would be subjected to the selective action of in 
secticides each, year. This should result in less likelihood 
of development of resistance to the insecticides. Also, it 
would be highly desirable to be able to set and mature 
most of the cotton crop without boll weevil pressure, 
which is a potential threat if rains or other factors inter 
fere with treatment schedules. 

The possibility of using this program as a tool for boll 
weevil eradication should be investigated. The basis of 
this program is to kill the weevils with insecticides before 
they attain diapause and it is difficult to visualize 100% 
kill with each insecticide application. Also, observations 
indicate that diapausing weevils move about less than the 
more active reproducing weevils and thereby may be less 
affected by contact Knipling (1959) ad 
vanced the hypothesis that, if the rate of increase in the 
boll weevil was 2.5- to 7.5-fold per generation, control 
programs that destroved 90% of the weevils in each of 


any two generations or periods in their development be 


insecticides. 


fore they reproduced would result in eradication. The re 


sults of this experiment indicate 90°; control or higher of 
mortality of 


the diapausing generations. Additional 
survivors could be expected during the winter months. 


Insecticide applications the following spring would fur 
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ther reduce the number of survivors. A program of this 
type In one or more years possibly could result in’ boll 
weevil eradication if practiced area-wide with sufficient 
isolation from infested areas. 

The eradication aspects of this program are particularly 
important presently because of the apparent westward 
movement of the boll weevil. The occurrence during the 
last 8 vears of an established infestation in the Presidio 
areas Is Clearly a case of the boll weevil adapting to a pre 
viously unsuitable environment. During the past vear an 
established infestation was found within approximately 
100 miles of El Paso. During November 1960, a boll wee 
vil infestation was found in the Van Horn and El Paso 
areas. These facts indicate that the boll weevil may adapt 
to the gradual changes in environment along the Rio 
Grande River and become a pest in the western cotton 
growing areas. The best way to prevent this would be an 
eradication program in the scattered plantings of cotton 
along the Rio Grande River in the Big Bend Region of 
Texas 
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Stability of Allethrin and Kerosene Solutions of It in Storage as 
Demonstrated by Bioassay’ 


W. A. Gersvorer, P. G 


ABSTR 


A sample of allethrin and differently handled portions of a 
Deobase 
storage and bioassa ved several times in a 10-year period by 
of toxicity: tests against the house fly, Musca domestica 
nethod. It was demonstrated 


1% (w/\ solution of it in kerosene were placed in 
means 
L., by the Campbell turntabl 
that the greater and longer the exposure of the solution to light 
Storage of the solution in the 


the greater the loss in toxicity 


refrigerator at 4° C., of no advantage over room temperature in 


\ year after the first) preparation of allethrin-like 
compounds, studies with the house fly (Musca domestica 
L.) demonstrated that the mixture of the natural-acid 
isomers of allethrin was toxicologically stable in kerosene 
sprays for 1 vear at room temperature (Gersdortf 1949). 
Therefore, in August 1949, when allethrin first became 
available in sufficient a study was begun to 
test the stability of the toxicity of a sample of it and 
kerose he 
per milliliter stored under different conditions. The sam 
ple, 940 
method, had not been distilled; instead it had been passed 


quantity, 


Deobase) solutions at a concentration of 10 mg. 


pure, as determined by the hydrogenolvsis 
through a column of activated carbon to remove color 
and odor. It was equivalent in toxicity as well as purity to 
four separately prepared samples of high-grade allethrin, 
one distilled, and was bioassaved in comparison with 
three pyrethrum standards from different sources. 


The different storage conditions are listed below: 


A-1: The allethrin sample in clear glass vial in’ refrigerator 
at 4° ¢ 
Soluti ms i kerosene 
A: In brown glass bottle in cupboard at room temperature 


B: In brow: vlass bottle in refrigerator at 4° ( 


C: In brown glass bottle in room, but never in direct sunlight 
ID: In clear glass bottle in room, but never in direct sunlight 
I: In clear glass bottle, with 0.1% hy 

board at room temperature 


F: In clear glass bottle, with 0.10% hvdre 


droquinone, iW up 


quinone, im room 
but never in direct sunlight 
(i: In terneplate can at room temperature 


H: In clear glass bottle in direct sunlight part of day 


Exposure in the room included frequent exposure to 
fiorescent electric light. Exposure to sunlight was made 
in windows with eastern exposure for the first 19 months, 
and with western exposure for the remainder of the time 

At the 


portions of the sample were dissolved in kerosene and 


beginning and after certain storage periods, 


examined for toxicity as a space spray in Comparison with 
pyrethrins. The solutions were also examined in similar 
fashion 

In the first two series sample A-1 was the standard 
since it was the only sample of allethrin available; in 
subsequent series unstored samples A-2 and A-3 were 
used. They had been distilled in a high vacuum, were of 


about the same purity (94.4% and 98.4%, respectively 


Piquerr, and NorMAN Mitrutn, Entomology Research Division, 


fgric. Res. Serv., U.S.D.A. 


ACT 
2 years and only slight advantage in 6 years, was of decided 
advantage in LO vears with only a 14% loss compared with a 30% 
loss in brown glass and 38% in clear glass not in direct sunlight; 
in clear glass in intermittent sunlight the solution lost nearly all 
toxicity (96% 
hibitor, as did kerosene as a diluent 


in 6 years. Hydroquinone proved to be a good in- 
The undiluted sample of 
allethrin, stored at 4° C., showed no loss in nearly 6 vears, but 


14% in 10 vears 


as the original unstored sample A-1, and were about 
equally toxic in comparison with several samples of 
unstored pyrethrins. In the latter standards, labeled P-1, 
P-2, P-3, and P-4, 53.5%, 54.2%, 60.5% and 54.2%, 
respectively, of the total pyrethrins consisted of pyreth- 


the AOAC 


method. 


rins I and cinerin I, as determined by 
Association of Official Agricultural Chemists 
Such small differences have been shown to have no de- 
monstrable effect on the ratio of toxicity of allethrin and 
pyrethrins (Gersdortf ef al. 1961). A portion of the stock 
solution of P-2, at a concentration of 20 mg. per milliliter, 
was set aside in 1951 for treatment similar to that given 
solution H. 

Merrnop. 


termination of dosage-mortalits 


The method of bioassay required the de- 
curves. Mortality of 
house flies caused by kerosene sprays at selected concen- 
trations was determined in replicated tests made on the 
Campbell turntable. The flies were reared in the labora- 
tory from the National Association of Insecticide and 
Disinfectant Manufacturers’ 1948 strain. The average age 
of a population of flies fell in the range of 2 to 4 days. 

\s storage continued, a small but increasing amount of 
material solutions, 


fine, imsoluble 


especially in those with greater exposure to light. This 


developed in the 


material was avoided in the preparation of the sprays. 
The sprays prepared from the stored solutions were 
based on the original concentration. 

After 10 years sample A-1 did not dissolve readily in 
kerosene even when warmed. To reclaim any allethrin in 
the undissolved material, it was separated, dissolved in a 
kerosene, and 


small amount of acetone, diluted with 


added to the rest to make the stock solution, which then 


contained 5°) acetone. The latter amount, although 
negligible in practical toxicity tests, was allowed for as 


1956). 
Since the stability of allethrin under different storage 


described by Gersdortt 


conditions was to be measured by estimations of relative 
toxicities, statistical procedures were followed for their 
evaluation and determination of precision. These were 
described by Finney (1952). From regression equations 
were deter 


then 


the median lethal concentrations (LC-50's 
mined and evaluations of relative toxicity were 
obtained as the inverse ratios of the relevant pair of LC 
50's. The estimates together with their standard errors 
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Table 1.—Effects of different storage conditions on the toxicity of allethrin to house flies. 





LC-50 
MaATeERIAL® MG. PER DL, 


Per Cent Toxiciry RELATIVE TO 
Loss IN 
Toxicity (% 


Allethrin Pyrethrins 


Section 1, At start (1949 


Allethrin, sample A-1' 76.0+ 1.8 100 257 +18 
Pyrethrins, sample P-1 195.0+13.2 39.0+2.8 100 
Section 2. After 22 months (1951 
Allethrin, solution A 92.4+ 4.2 95.0+6.1 257 +14 
B 95.0+ 4.3 92.4+5.9 250 +13 
( 92.0+ 4.2 95.5+6.1 258 + 14 
I) 101.0+ 4.6 87.0+5.6 235 +13 138.0+5.6 
G 89.2+ 4.0 98.5+6.3 267 + 14 
H 355 +16 24.8+1.6 7.1 3.8 75.2+1.6 
Allethrin, sample A-1 87.8+ 4.0 100 271 +14 
Pyrethrins, sample P-2 237.7+ 6.8 37 .0+2.0 100 
Section {fter 69 onths (1955). Series 1 
Allethrin, solution A 83.3 2.0 84.0+2.8 232 15 16.0+2.8 
B 74.5 1.8 93.9+3.1 259 17 6.1+3.1 
cs S24 1.9 85.9+2.8 37 E15 14.1+2.% 
D 90.3+ 2.2 77.5+2.6 2} + 14 22 .5+2.6 
G 78.5 1.8 89.1+2.9 246 +16 10.9 +2.9 
i 3.8 7.8 06.2 
Allethrin, sample A-3' 69.9+ 1.6 100 276 1S 
Pyrethrins, sample P-3 193.2+11.6 36.24+9.3 100 
Sé - 
Allethrin, sample \-1 68.6+ 1.4 99.1+2.7 $38 t+ 20 
A\-3 68.1 1.2 100 336 +) 
Pyrethrins, sample P-3' 228.8+12.9 29.7+1.8 100 
Section {fter 121 month 1959 Serves 1 
Allethrin, solution A 158.6+ 6.4 70.2+4.0 177 10 29 R+4.0 
128.9 >.< S64 ».0 217 riz? 1I3.6+5.0 
D 180.4+ 7.2 61.7+3.5 155 + 8.8 $38.3+3.5 
E 1I30.8+ 5.2 $5.1+4.9 214 12 14.9+4.9 
F 1384.3+ 5.5 $2.9+4.8 209 «+12 17.1+4.8 
G 139.3 >.6 79.9+4.6 201 +11 20.1+4.6 
Allethrin, sample A-3' 114+ 4.5 100 252 +14 
Pyrethrins, sample P-4! 280.2+11.4 39.7+2.3 100 
Series 2. 94% allethrin after 121 months 
Allethrin, sample A-1 241.9+ 3.7 55.6+1.2 164 S.] Hh t+1.2 
Allethrin, sample A-3' 134.5+ 2.2 100 205 +15 
Pyrethrins, sample P-4! 397.0+18.5 $3.9+1.7 100 
Section 5. Tests on pyrethrins exposed to un, 1952 
Allethrin, sample 4-Q' 113.6 2.9 100 285 20) 
Pyrethrins, sample P-2! 324 | 35.1+2.4 100 
P-2 in sun 15S 30) 24. 8$+1.7 70.7 6.6 19 3+6.6 
* Concentrations of stored materials based on initial preparatior 
© Unstored standard 
© No loss demonstrated 
@ Solution C was lost between the 1955 and 1959 tests 
® Based on LC-15.6 
Solution at 20 mg. per milliliter exposed to intermittent sunlight for 4 mont N 1951 M 19 


are given in table 1. The mortality data and equations 
are available to those requesting them. 

Discussion..—In 1956 Freeman reported a chemical 
investigation comparing the action of heat and light on 
allethrin and pyrethrins. His analyses showed that stored 
allethrin deteriorated in purity very slowly and was more 
stable than pyrethrins. In particular, a commercial sam 
ple of allethrin of 93.5% purity lost only 2.7% and 15.7%, 
respectively, of its purity after 5 years at 5° C. and at 
room temperature. The results obtained by bioassay 
compared favorably with the chemical results insofar as 


they are comparable. 
After 22 months, deterioration could only be demon 


strated in the two solutions having the greater exposure to 
light, D and H. The former had lost 187 of its toxicity, 
the latter 75%. No loss was indicated in the sample ot 
allethrin stored in the refrigerator; its toxicity. was 
equivalent to that of an unstored sample relative to the 
same pyrethrins standard (Gersdorff ef a/. 1961, series 18). 

After 69 months the allethrin solution B had the least 
loss in toxicity—6°7. Solutions A, C, and G indicated a 
greater loss, about 12°07, but the differences were not 
significant. Solution D had lost 23°7 and H 96°7. The 
undiluted sample still showed no significant loss by bio 
assay. By chemical assay after 60 months the sample 
held at 5° had lost 3% of its purity and that at room 
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160, (Freeman 1956). Both values are 


within tolerance of the bioassays. 
After 121 months solution B still had the least loss 


temperature 


14°07; it was significantly more toxic than solution A, with 
a 3067 loss. Solution G showed an intermediate loss 
2067; but this value was not significantly different from 


either A or B. The greatest loss, 38°76, was shown by 
solution D. Sample A-1 showed a 449% loss, indicating a 
relatively great deterioration over the last 4-year period 
compared with the first 6 years. It is probable that occa 
sional opening of the refrigerator had some effect. 

As with pyrethrins (Gersdorff & Barthel 1946), hydro 
quinone at a concentration of 0.19% proved to be a good 
inhibitor of loss when the solution was kept in either a 


and I 


stored for 10 years in clear glass bottles at room tempera 


dark cupboard or in indirect light. Solutions E 


ture showed only a 16°% loss, about the same as the solu 
tion held in a brown bottle at 4°. This loss is equivalent to 
that found by Freeman by chemical assay with his high 
grade allethrin sample stored for 5 years at room tempera 
ture. 

After 4 months’ storage the dilute solution of pyrethrins 
held in solution H, lost 
80° of its toxicity. Since the stored solution was the 


intermittent sunlight, as was 
stock standard pyrethrins at a concentration of 20 mg. 
per milliliter, a second bioassay after exposure was not 
It is probable that the diluent, 
deodorized kerosene, inhibited loss of toxicity in this 
solution (Gersdorff & Barthel 1946). Dark green at the 
beginning, it had lost all of this color in the 4 months; 


deemed advantageous 


this change was not accompanied by as profound an 
effect on toxicity. 
After 2 vears 


no advantage was apparent in holding the solution of 


The following conclusions may be drawn 


allethrin at a concentration of 10 mg. per milliliter in the 
refrigerator at 4° over holding at room temperature in a 
can or brown bottle out of direct sunlight; but in a clear 
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bottle at room temperature there was a slight loss of 
toxicity (189%). With intermittent exposure to direct 
sunlight for 2 years there was great loss (75%). 

In 6 years there was a slight advantage in holding the 
solution in the refrigerator over holding at room tempera- 
ture even though shielded from light in a brown bottle or 
a can. Without such shielding greater deterioration took 
place, 239 in clear glass without exposure to direct 
sunlight and 96% with intermittent exposure to sunlight. 

In 10 years there was a decided advantage in holding 
the solution in the refrigerator rather than at room tem- 
perature. The solution held in clear glass in the room 
without exposure to direct sunlight lost about 40% of its 
toxicity. The sample of allethrin held in the refrigerator 
for the same period lost about the same, but when held 
in dilute kerosene solution, the loss was much less. 

Hydroquinone at a concentration of 0.1% was a good 
inhibitor of loss of toxicity in the solution. 
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The Metabolism of P*-Labeled Dimethoate in Sheep’ 


CHAMBERLAIN, P. KE. Garrerpam? and D. E 


W. I 


Kerr 


ABSTRACT 


Phe metabolism and associated residues following intramuscu 
lar injection and oral feeding of seven sheep were determined 
with P®-labeled dimethoate 
rapid and almost quantitative for all sheep, and appeared not 
to be significantly affected by the route of administration. Only 


Degradation of dimethoate was 


~ and } 


Cleavage occurred at several sites on the 


trace residues were found in tissues of sheep sacrificed 
weeks posttreatment 
dimethoate molecule, but to the greatest extent, initially, at the 
‘ irbonyl nitrogen bond. Evidence is pres¢ nted for the occurrence 


of a previously unreported desalkyl derivative of dimethoate 


S-(V-methylearbamoy] 
methyl! first 
promising systemic insecticide in animals by Hewitt 


(O,0-dimethy| 
phosphorodithioate 


Dimethoate 


Was reported as a 


Hor KINS, Ent mol gy Re sear h dD resion, 


€, 


{gric. Res. Serv., U.S.D.A., 
Texas 

et al. (1958a). 85% 
mortality in yellow-fever mosquitoes (Aedes aegypti (L. 
fed on lambs 1 oral treatment at 10 to 25 
mg. kg. Excellent control was obtained also when yellow- 


The compound caused 75% to 
hour after 


fever mosquitoes were fed on calves 1 hour after oral 
treatment with dimethoate at 25 to 40 mg./kg. The 
dimethoate screw-worms 


systemic action of against 


(Callitroga hominivorax (Cqrl.)) has been reported by 
Drummond (1958) and also against cattle grubs (Hewitt 
et al, 1958b, Turner & Gaines 1958, Neel 1958, De Foliart 


et al, 1958, Drummond 1959). All larval stages of the 
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sheep bot fly (Oestrus ovis L.) were controlled by injection 
of dimethoate into sheep (Peterson ef a/. 1959). 

The metabolism and residues of dimethoate in cattle 
and rats have been reported (Dauterman et al. 1959, 
Kaplanis ef al. 1959b). Dauterman ef al. (1959) first 
reported the presence of the important carboxy deriva 
tive in the metabolism of dimethoate in cattle. In the 
urine of cattle they found seven metabolites, of which 
they were able to identify all but two. They isolated 
dimethoate from blood samples, but were unable to 
isolate the oxygen analog. Kaplanis ef a/. (1959b) later 
reported the isolation of a second organosoluble com 
pound from the blood, which has since been identified as 
the oxygen analog. From urine samples they were able to 
isolate eight metabolites of dimethoate, three of which 
were identified. The important carboxy derivative was 
isolated but not identified. 

Because of the possible importance of dimethoate for 
control of the sheep bot fly, work was undertaken to 
determine the metabolism and residues of dimethoate in 
sheep. The results are presented in this paper. 

MATERIALS AND Mertrnops.—.fdministration. Seven 
sheep were used in these experiments. Five were given 
P-labeled dimethoate by intramuscular injection and 
two sheep were fed treated grain. Before preparation of 
solutions, radioactive dimethoate was diluted with non 
radioactive dimethoate of the same purity so that the 
desired milligrams per kilogram and millicurie levels 
could be maintained. The injected radioactive compound 
was given as a 46.507 (weight weight) solution in diethy! 
succinate. Preparation of dimethoate for feeding was 
accomplished by dissolving the compound in’ water 
(solubility 2%, to 3% 
The solution was then mixed into one-quarter pound of 
cracked wheat. The radioactive wheat was then placed in 


a pan on top of another one-quarter pound of nonradio 


and stirring in 10°; of molasses. 


active wheat and fed to the sheep that had been starved 
overnight. One sheep was given a single oral dose. whereas 
another was fed the ration on 3 successive days. After 
each treatment the sheep were placed in specialiv con 
structed metabolism stalls and provided with foot and 
water. The treatment data are presented in table 1 
Radioactive Compound. Vhe radio-labeled dime iioate 
was synthesized by the American Cyanamid Company 
Two batches of compound were supplied, with specific 
activities of 5,092 ¢.p.m. ug. and 11,332 ¢.p.m. ug. re 
spectively, as determined on the second shelf of the 


Baird Atomic thin-window gas-flow proportional counter. 


Table 1.—Manner of treatment, weights of radioactive 
and nonradioactive compounds, and total dosage per weight 
of animal administered to seven sheep in a determination of 
metabolism and residues of dimethoate. 





W | COMBIN: 

DiMeTHOA Dosa 

SHEEE Mope o1 MG. K 

SEX PREATM P Non-P ODY WEIGH 

1 Intramuscular! l i 0.00 ee. 2 
4 \ Intramuscularl 738.98 118.00 21.97 
; Intramuscular! 316.06 251.11 18.88 
+ , Intramuscular] 07 1.50 19.41 
5 , Fed 297.22 1257.79 10.29 
6 (laml , Intramuscular! 162.66 6. 06 0. 41 
p Fed (dav 1 79.3 8G 20 10.19 

la ) . 70.46 97 

day 3 79.88 75. #2 0.91 
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Both samples had a radiochemical purity of 9807 as 
determined by paper chromatography and autoradiog 
raphy. 

Sam ple ( ollecting and Analyse s. \t specified intervals 
after treatment, samples of blood, urine, and feces were 
taken for radiometric analysis. The methods of collection, 
preparation, and radioassay of samples have been re 
ported (Robbins et al. 1956, Waplanis ef al. 1959a). The 
following modifications, however. were required for the 
sheep expertments: urine samples from female sheep were 
collected with Folley indwelling catheters and feces in 
plastic bags clipped to the wool surrounding the anus 
Whole urine was extracted with an equal volume ol 
chloroform before or after adjustment to pH 1.0: with 
hydrochloric acid. Fecal samples were thoroughly mixed 
and 1l-gram aliquots (wet weight) weighed into planchets 
and dried under an infrared lamp. Radioactive com 
pounds were extracted from 10 g. of feces mixed with 
50 mi. of water in a Waring Blendor. One hundred milli- 
liters of chloroform was then added to the feces homog 
enate, mixed, centrifuged, and the layers separated. The 
residue fraction was then re-extracted with acetone and 
assaved for radioactivity apart’ from the chloroform 
fraction. 

Radiometric measurements were made with a Baird 
Atomic thin-window gas-flow proportional counter (25°; 
and a Nuclear Measurement 


internal chamber gas-flow proportional counter (50, 


counting efficiency for P 
counting efficiency for P All samples were prepared mn 
duplicate and the mean counting rates corrected for 
background, decay, and self absorption 

Two chromatographic systems (Kaplanis ef a/. 1959b 
were used to separate dimethoate and its metabolites. 
‘he acetonitrile-water svstem (80220) was used to sepa 
rate metabolites in whole urine and in extracts of urine, 
feces, and tissue. Untreated Whatman No. 1 filter-paper 
strips were used with this system. Radioactive compounds 
in blood, feces and tissue extracts were also determined 
with the  vaseline--butanol system. Glass-stoppered 
evlinders (1,000 ml.) were employed as chromatographic 
chambo rs. All paper strips were develope d hy the ascend 
ing technique to a height of 25 to 30 em. After develop 
ment, the strips were dried and then exposed to nonscreen 
X-ray film (Kodak Blue Brand or Gaevert) for 7 days 
All chromatograms were marked and dated with ink 
made radioactive with P-labeled phosphoric acid so that 
the chromatogram and film negative could be matched 
following exposure and development of the N-ray film 
strips. The radioactive areas on the paper chromatograms 
corresponding to the exposed areas on the film strips were 
marked and cut out. The areas (sections) of the chromato 
grams were then counted to determine the percentage of 
the various metabolites. No self absorption correction 
factor for P® owing to the filter-paper strips was neces 
sary (Winteringham et al. 1952). The etfect of geometry 
was found to be negligible when sections no larger than 
3 em. were counted. The error was only 6.40, when all of 
the radiation originated at 1.5 em. from the central 
position. However, in practice the greatest intensity of 


radiation was placed at the central position of the count 


ing chamber. 
The Ry values for dimethoate and available related 


compounds are given in tables 7 through 10. The stand 
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Table 2.—Concentrations of radioactivity in the blood of 
sheep treated intramuscularly or orally with P*-labeled di- 
methoate. 





Post I aL DrcnLone Doran Dientoro Doran Dicntore 
TREAT ue METHANE ug METHANE ug METHANE 
MENT Equiy SOLUBLI Rau SOLUBLE Equi SOLURLI 
HOURS per Mt rer Mt per Mt 
Shee] IM Sheep 7 (IM Shee] 1M 
0.5 11.98 20.7 $45 12.1 
l 9 O68 15.0 7.79 .6 
; td ( >. 76 S l 2 
ti 69 2.1 2.24 Re 0 4.2 
4 oO. 0.08 0.45 oOo 10 0.09 
4 Hs) 0 0 
$s lt ose ibd 
Th 10 OSS ed 
Shee] IM Shee] ” (Fed Sheep #6 0 (IM 
0 11.41 +4 61 15.4 8.75 16. 
] val) ; St Ho S7 10.0 
S. 1.0 9 Is 4 1.66 r.2 
6 O45 0.18 1.15 11.5 5 ci 
12 104 ou O38 > 6 oot 1.0 
$ ose 185 l 2S 
+h tid O74 O1ls 
Olt OF Ol 





ards were chromatographed in the presence of 20 to 40 
ul. of whole urine or radioactive biological fluid extracts. 
The position of standards on developed strips was ob 
tained colorimetrically with Prochazka’s solution of 0.165 
normal potassium permanganate in 0.3 normal sulfuric 
1950), or Hanes-Isherwood 


light (Hanes & 


acid (Prochazka with the 


reagent in the presence of ultraviolet 
Isherwood 1949), 

Whole blood cholinesterase activity was determined 
by a modification of Michels (1949) method (Radeleff & 
Woodard 1956). sacrificed for 


residue analysis of tissues‘ at 


Two sheep each wert 
2 and + weeks after intra 
muscular treatment 

Ri SULTS. Blood. 
the blood of sheep treated intramuscularly occurred at 
} to 1 hour after treatment (table 2). The 
activity declined rapidly, so that after 38 days only 0.1 


The peak level of radioactivity in 
level of radio 


p.p.m. or less of dimethoate equivalents was detectable. 
Maximum dichloromethane solubility ranged from 5.40, 
to 20.707. Maximum levels appeared at approximately 
the same times as peak concentrations of total radio 
activity. Less than 0.107 of organosolubles appeared in 
the blood of all intramuscularly treated sheep 12 hours 
posttreatment. 

The sex of the animal appeared to make no significant 
difference in rate of formation and dissipation of P 
labeled dimethoate equivalents in the blood. The time 
required for the concentration of radioactive material in 


Table 3.—Concentrations of radioactivity in the blood of a 
sheep fed P-labeled dimethoate on 3 successive days. 
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lime 
* Potal = Di Pot Dic I 
REA Me Pe Met 
1} I Sol qu s i 
! per Ml Mi M 
0 » OOF > 4 
S24 9 » Ot ( s +0 
tS 780 Oe + ¢ 
t 60 tv 0.48 ) 
Q28 ae rt 110 ) 
' O08 Ono O3o 
ts Oo 





t.: METABOLISM OF P®-LABELED DIMETHOATE 


735 


the blood to reach a peak was similar (3 to 1 hour) for the 
two sheep that fed on the treated grain and for intra- 
muscularly treated animals (tables 2 and 3). The total 
radioactivity in the blood of the two sheep that ate 
treated grain approximated the level expected according 
to the dosage, but the level of organosoluble compounds 
was not in the same proportion. The total radioactivity 
for the animal fed three daily doses of dimethoate in- 
creased after each successive dose, but the organosoluble 
fractions remained about the same throughout the test. 
However, for the animal fed the single dose of 40 mg./kg.. 
the number of micrograms of organosoluble radioactivity 
at | or 3 hours was approximately 30 times as high as that 
found in the blood of the sheep fed 10 mg./kg. for 3 days. 
The difference is six times that expected on the basis of 
dosage received. 

The maximum cholinesterase inhibition for 
sheep treated intramuscularly 189% to 81% and 
occurred between 6 and 48 hours after treatment. The 
animal fed the single dose of dimethoate reached 100% 
inhibition without showing any clinical symptoms of 


range of 


Was 


poisoning, Whereas the animal fed on 3 successive days 
showed maximum inhibitions of 11°7, 4707 and 58°7 for 
each of the 3 days, respectively. 

The chemical composition and hourly distribution of 
the organosoluble radioactivity in the blood is indicated 
in table 4. The amount of radioactivity behaving as 
dimethoate in the blood time in all 


decreased with 


animals, and the oxygen analog of dimethoate increased 
correspondingly. 
Urine.—The total radioactive concentrations and 


cumulative percentage of administered dose in the urine 
of sheep treated at the higher millicurie levels are shown 
in table 5. The peak concentration of total radioactivity 
for intramuscularly treated sheep was at 1 and 6 hours, 
respectively, for female and male. The intramuscularly 
treated lamb gave an excretion pattern similar to the 
female sheep. The female and male sheep treated intra- 
muscularly at the lower millicurie level showed a pattern 
of excretion similar to that at the higher level. The ani- 
mal fed P-labeled dimethoate in a single dose had a 
maximum radioactive concentration in the urine at 6 
hours posttreatment. Radioactivity in the urine of the 
male sheep given multiple doses of dimethoate in the feed 
reached maximum levels between 6 and 10 hours after each 
day's treatment (table 6). The maximum levels of radio- 
activity in the urine following the second and third treat 
ments were similar and twice the peak level indicated after 
initial treatment. Some radioactive material could be 
detected in the urine of all sheep through 72 hours. Data 
given in table 5 demonstrate that maximum radioactive 
concentrations in the urine of females were 3 to 5 times 
those for males. Despite the differences in rate of elimina- 
tion and rate of administration, the cumulative percent- 
age of the administered dose eliminated in the urine at 
72 hours was similar for all sheep and always exceeded 
80°, 

The amount of chloroform-extractable materials for all 
animals was highest in samples of urine taken within a 


By Animal Dise ind Parasite Researc Division, Agric. Res. S 
U.sS.D.A 

Analvsis by H. V. Claborn, Entomology Research Division, Agri Res 
s U.S.D.A 
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Table 4.—Percentages of organosoluble metabolites from blood of sheep treated intramuscularly or 


orally with P-labeled dimethoate (vaseline-n-butanol paper chromatography system). 





Tim 


Post 


TREATMENT 
HOURS 


OXYGEN OTHER OXYGEN OTHER OXYGEN OTHER 
DIMETHOATE ANALOG COMPOUNDS DIMETHOATI ANALOG COMPOUNDS DIMETHOATI ANALOG COMPOUNDS 


Shee} No. 1 G 1M Shee) No. 2 07° (IM Sheep No. 3 G iM 
S8.5 10.6 O85 S7.6 10.5 0.96 
71.8 26.4 Be 93.4 6.2 0.4 80.38 19.7 0 

69.2 28.0 2.8 
22.9 68.3 8.8 33.6 63.0 3.8 

Sheep No. 4 wy 1M Sheep No. > o Fed Shee Pp No a) . iM 
99.2 0.2 0.6 33.0 60.0 7.0 
50.1 10.9 7.8 36.0 64.0 0.0 84.0 
28.1 60.6 6.1 10.0 86.0 +.0 60.0 10.0 0.0 

0.7 93.0 6.0 15.0 55.0 0 
0 97.0 3.0 
Sheep No. > o (Fed on 3 days 
Day 1 Day 2 Day 
(| 91.0 2 0 16.8 78.4 1.6 
6.3 85.7 s.0 0.0 94.0 6.0 3.5 SS.9 7% 
2.3 94.1 3.5 0 100.0 0.0 0.0 07.4 ee 





Table 5.—Concentrations of radioactivity and cumulative few hours after treatment, after which it rapidly de 
percentages of administered dose appearing in urine of sheep jinud. When urine was treated with acid prior to extrac. 


treated with P-labeled dimethoate. 


tion with chloroform, almost quantitative recovery. of 





rime 
Pp 
OST 
TREAT 
MENT 
HOURS 


Sueep No. 1 Surer No. 2 Sueep No. 5 dimethoate, P=O dimethoate, and the carboxy deriva- 
REATED 5.7 Me rR »AT IS 1 rED AT 3.01 M . . . 
ee eee _ ecarudes ihe tive was obtained, as determined by paper chromatog- 
Recovers Recover Recovers raphy of whole- and extracted-urine aliquots. The sheep 
of Admin of Admin of Admin ie 7 ; 3 a 5 : 
ya.- istered Don we stered Dose ue.- istered Dos given dimethoate for 3 days showed some indication of 
Equi Cumula Equi Cumula Equ Cumula ; ‘ . . 
a: ie ctl. - a ania. te accumulating organosoluble radioactivity. 
Eleven or twelve compounds were recovered in the 
2046.2 3.99 0.0 0.0 : . a : 7 
6388.3 18.57 302.3 10.19 urine of the animals, depending on the sample period; six 
651.5 90.08 1654.8 6.20 64 9 9.71 ° ‘fe . . . 
tie wea 0995 @ si as ‘ sgl were identified and the remaining were unidentifiable. 
96.5 87.47 608.6 78.08 Trace amounts of dimethoate and its oxygen analog were 
59.8 86.96 P < : : . . 
7.5 89.61 4.9 80.61 17.2 89.20 found in the urine of all sheep at one or more intervals 
7.6 90.14 2.2 81.00 1.5 89.70 , ae ~ 
6 eas 6 ate )) (ga.8e after treatment (tables 7 through 9). In all sheep the 
0.6 90.28 381.15 carboxy derivative was the predominant radioactive 





Table 6.—Concentrations of radioactivity in the urine and 


component of urine immediately after treatment, and 
reached peak levels in } to 3 hours. As the percentage of 
carboxy dimethoate declined, there was a corresponding 
increase in dimethyl! phosphoric acid and in the unknown 


feces of a male sheep (No. 7) fed 0.8 mc. of P**-labeled di- D. The Ry values of dimethyl phosphoric acid and un- 


methoate per day for 3 days in cracked grain. 


known D appear very close on the paper chromatograms, 





I'm 
Post 
Ire AT 
MENT 
HOURS 


Pot: 


Radio 


activity 


Mg 


Equis 
per MI 


) 


but the autoradiograms show them as definite and distinct 






Uninet Feces _ ; 
si spots. Males excreted more than four times as much 
Recovery Potal Recovery unknown D as did females. (The average percentages at 
of Admini- Extract Radio- of Admin- Extract : : 
istered able with uctivity istered — able with 24 hours after intramuscular treatment were: unknown 
Dose Chloro g Dose Chloro _» , : 
7 rots Pama 0 Baie? iGemiilas” “tara D, males 18.7%, females 4.207; dimethyl phosphoric 
tive % per MI.) tive % acid, males 23.7%, females 32.3°7.) Whether the selective 
Day 1 excretion of unknown D by males is a pattern to be 
dee $9.7 : ; : expected in all sheep is a matter of speculation, because of 
17.23 10.0 1.71 0.15 0.70 y B - e i pea 
31.92 11.0 the limited information now available. The selective 
32.16 1.1 2.98 52 2 . . weg ° 
” excretion of unknown D was the only difference in urinary 
D . poms 
metabolism noted between males and females. The male 
8.46 3 1.56 0.74 7. > : ° . 
5 92 1.05 0.86 sheep fed dimethoate for 3 days showed high amounts of 
13.28 x14 6s ) . . ’ 
: ‘ lee ° unknown D after the first day’s treatment, but the 
ay : ‘ pike ; 
7 percentage of total radioactivity behaving as this mate- 
66.70 64.9 3.67 1.8 6.5 a - Ba : 
$03 1.89 9.5 rial dropped considerably after successive treatments 
37 22.6 eb . Rae 
4 17 8 9 > 08 (table 8). The only other metabolite of major Importance 
92.23 5.0 > that appeared in the urine of sheep was dimethyl phos- 
93.00 5 3.19 ~ 


phorothioic acid. The other hydrolysis products were 
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Table 7.—Average percentages of metabolic products in 
urine of the four sheep (two males and two females) treated 
intramuscularly with P-labeled dimethoate (80:20 aceto- 


(CHAMBERLAIN ET 4AL.: METABOLISM OF P®-LABELED DIMETHOATE 


73 


~ 


with peak levels of radioactivity appearing in 12- and 
24-hour samples for males and females, respectively. The 
sheep fed three daily doses of dimethoate showed maxi- 


nitrile: water, paper chromatography system). 


mum radioactive concentrations between 6 and 10 hours 
following each treatment and eliminated a total of 3.2% 
via the feces during the experimental period. The chloro- 
form-extractable compounds in the feces of all sheep 





Percantaces INpicatep at Hours SHOWN 


METABOLITE AND 
RF Vauur 1 6 12 24 45 





Unknown A 0.00 0.22 0.30 0.72 0.78 1.16 7.96 
Unknown B 0.03 0 0 = . -e es declined sharply with time after treatment. At any given 
Unknown C 0.06 28 2.94 6.2 2.62 2.38 6 - : . oa x r > 
Unknown D0. 10 » 02 5.99 20.94 12.06 19.56 18.61 time interval, organosoluble radioactivity in the feces of 
Dimethyl phos; 1.73 7.35 26.26 47.21 52.96 50.55 os F bi < Pe es ? Sp Mee . ep ss P 
Ueknown E 0 eG. Olek CGE ek lie orally treated animals was considerably lower than that 
Dimethy! phosphorothioie acid for intramuscularly treated animals. The chloroform- 
0.35 $.21 8.58 8.04 11.46 7.05 7.68 ‘ th ° a ‘ . > 
Dimethyl phosphorodithioic soluble portion of the radioactivity in the feces of the 
veid 0.40 1.63 2.04 2.68 0.60 2.53 0.41 Sas a ee oe eee ae av P i 
ene Retiatlinn ht SSAA. GRAN, BOURY UG ache ares sheep fed three daily doses increased each day to a high 
Unknown F 0.6 a 2 1 8 4 ee of 9.5% on the third day. Chromatographic studies 
Oxygen analog 0.74 0.12 0.43 0.65 1.02 0.1 0.0 : ‘ = “ 
Dimethoate 0.91 18 02 605 0.32 04° «(1.7 (vaseline-v-butanol system) of chloroform extracts of 


feces from intramuscularly treated sheep showed a decline 





of a compound appearing as dimethoate on paper chroma- 
tograms, from 949% after 1 hour to approximately 17% 
at 12 hours posttreatment. During this same time interval 
the dimethoate P of the total 
radioactivity to 83°. Acetone re-extraction of the same 
considerable 


excreted in small but fairly uniform quantities throughout 
the tests. 0 increased from 6.5% 

Feces. 
equivalents were eliminated in the feces of sheep (table 
10), A maximum of 1.4°7 of the administered dose was 


Only small amounts of radioactive dimethoate 
fecal samples showed the presence of 
amounts of dimethyl phosphoric acid, thio-carboxy, and 


excreted in the feces of intramuscularly treated animals, dimethoate P=0 (acetonitrile-water system). 


Table 8.—Metabolic products in urine of male sheep (No. 5) fed a single dose of 3.0 mc. of P-labeled dimethoate in 
cracked grain. 





PerceNntAGes INpicatEeD at Hours Suown 





Meraspourre ann RF Vauur 3 6 15 IS )4 tS 72 
Unknown A 0.00 0.4 0.2 0.7 1.25 7.0 2% 18.2 
Unknown B 0.08 0 0 0 0.0 0.0 2.8 0.0 
Unknown C 0.06 $.1 20 §.7 Oy 8.7 6.8 13.8 
Unknown 1D 0.10 22.3 13.8 &] 26.55 12.9 9 = 68.0 
Dimethyl phosphoric acid 0.17 16.6 28.3 63.3 14.1 21.38 : nee 
Unknown E 0.25 1.4 0.9 0.0 0.2 0.8 0.0 0.0 
Dimethyl phosphorothiot acid 0.35 14.2 4.4 16.8 10.7 11.8 12.1 0 
Dimethyl phosphorodithioic acid 0. 40 5.7 3.9 3.2 5.9 3.4 9.3 0 
Carboxy derivative 0.51 $3.7 29.1 5.1 5.9 1.3 5.0 0 
Unknown F 0.64 2.1 +.1 0.0 0.3 2.4 2.0 0 
Oxygen analog 0.74 0.3 0.0 0 35 0.5 0.0 0 
Dimethoate 0.9] | ) ] 0 0 0 0 

( Unk vn DD lin I p e acid 


Table 9.—Metabolic products in urine of male sheep (No. 7) fed 0.8 mc. of P**-labeled dimethoate per day for 3 days in 
cracked grain. 





PERCENTAGES ON 





Ist Day at 2nd Day at 3rd Day at 

Merraponuire anp RF Vauet 10Hrs. 12 Hrs. 24 Hrs 7 Hrs 22 Hrs 3 Hrs S Hrs. 12H rs. 24Hrs. 
Unknown A 0.00 0.7 0.5 4 0.25 0.3 0.40 0.1 1.4 0.5 
Unknown C 0.06 2.6 3.4 a 15 1.3 15 5 0.0 1.6 
Unknown D 0.10 23.0 29.3 25.6 3.95 4.35 9 b.2] 2.1 1.9 
Dimethyl phosphoric acid 0.17 14.1 14.5 $8.3 19.7 18.9 20.95 29.4 51.1 66.5 
Unknown E 0.25 1.3 et 0.7 3.35 5.45 3.20 $1 5.5 0.0 
Dimethyl phosphorothioic acid 0.35 10.3 8.3 15.3 14.15 11.1 12.9 23.4 16.1 10.8 
Dimethyl phosphorodithioic acid 0. 40 0.0 0.0 0.0 0.75 0.0 0.0 0.0 0.0 0.0 
Carboxy derivative 0.51 $3.3 $6.8 10.1 19.3 22.7 55.35 26.7 13.7 6.8 
Unknown F 0.64 t.3 5.5 2.7 5.65 $.75 b.45 5.8 3.9 3.0 
Oxygen analog 0.74 0.0 0.5 0.9 £.3 2.2 0.65 2.8 3.3 5.4 
Dimethoate 0.91 5 ) 1.4 O15 0.0 1.05 6.3 2.8 3.4 

* Combination of Unknown A and Unknown ¢ 
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Table 10.—Concentrations of radioactivity in the feces 
of sheep treated intramuscularly or orally with P*’-labeled 
dimethoate. 








Tora. RECOVERY O1 EXTRACTABLI 
Time Post- Raptoactiviry ADMINISTERED WITH 
TREATMENT MG. EQUIV Dost CHLOROFORM 
HOURS PER GRAM CUMULATIVE % Q 
Shee p No. 1 Treated at 5.65 m 1M 
l 1.49 0.0177 Is. 1 
5 3.59 0597 27 5 
12 15.18 $197 1.8 
24 11.20 1.0497 0.73 
HS 2.47 1.2397 1.2 
96 0.925 1.3607 
Shee} \ j Treated at 5.82 m 1M 
l 0.70 0.0055 S000 
3 1.04 0094 27.0 
12 2.05 0394 6.3 
24 13.92 5694 0.42 
1S $15 S394 29 
96 O88 9304 
Shee Vo.5 Treated at 3.01 m bed 
| 0.34 0.0054 
H ay) O148 5.5 
12 6.48 6288 1.2 
24 6.41 1.4558 0.068 
tS 3.20 2. 4058 2s 
Tissues.--The maximum apparent residue found at 4 


weeks after intramuscular treatment of sheep was 0.021 
Residues of 0.017 and 0.012 


p.p.m. were found in heart and muscle tissues. Fifteen to 


p.p.m. (Claborn et a/. 1960). 


20°7 of the apparent residues chromatographed (butanol 


water) in the position of phospholipids; therefore, thi 
actual residues were slightly lower. 

Discussion.— The metabolism of P*-labeled dimetho 
ate after oral and intramuscular administration to sheep 
appears to be similar to that reported for cows and rats 
1959b The 
feeding of dimethoate to sheep resulted in higher levels of 
dimethoate P=O in the blood than intramuscular injec 


tion. This finding may be significant in connection with 


(Dauterman et al. 1959, Kaplanis ef al. 


the control of blood-feeding ectoparasites, since dimetho 
ate P=O is about 40 times more toxic to stable flies than 
dimethoate (Roberts et a/. 1958). When dimethoate was 
given orally at two dosage levels, it was noted that at 
the lower level the organosoluble fraction in the blood 
was less than 5°; of the total radioactivity, whereas at 
the higher level the organosoluble fraction was above 
30°. The difference in organosoluble percentages indi 
cates that the mechanism of breakdown was overwhelmed 
by the larger dose allowing more dimethoate and di 
methoate P=O to accumulate in the blood. Dimethoate 
was rapidly metabolized and recovered almost quantita 
tively in the excreta of sheep. Females apparently elimi 
nate dimethoate at a slightly more rapid rate than males, 
but the tetal excretion levels appear to be the same for 
both. The lower percentage of organosoluble compounds 
in the feces of orally treated animals indicates that condi 
tions in the rumen and small intestine are more conducive 
to degradation of dimethoate than in the large intestine 

A tentative scheme for the metabolism of dimethoate 
in sheep is indicated in figure 1. 

There appear to be three possible ways in which di 
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methoate can be initially degraded. The rupture of the 
C-N or amide bond (see figure 1) of dimethoate yields the 
thio-carboxy derivative. This metabolite is the predomi- 
nant degradation product found in samples of urine 
taken soon after treatment and accounts for one-fourth 
to one-half of the administered dose for all animals. 

A second way in which dimethoate is initially degraded 
is by the replacement of the sulfur atom by oxygen to 
produce the highly toxic oxygen derivative found in the 
blood. 

A third theoretical degradation pathway would be the 
loss of a methyl group to produce the desmethyl! deriva- 
tive. It has been suggested that the unknown E found in 
urine samples is this derivative (Sutherland, personal 
1959). As the thio-carboxy 


decreases in quantity in the urine with time after treat- 


communication derivative 
ment, two other compounds increase in quantity. These 
are dimethyl! phosphoric acid and the unknown D. About 
two-thirds of the unexcreted thio-carboxy is converted 
first to dimethyl phosphorodithioie acid, thence to di- 
methyl phosphorothioie acid, end finally to dimethyl! 
phosphoric acid. The thioate conversions are probably 
very rapid, since neither of them tends to accumulate, 
but the dimethyl phosphoric acid is evidently more stable, 
since its Conversion to simpler phosphoric acids is slow. 
The nature of the unknown D was for some time a sub 
ject for speculation, since it had not been synthesized at 
the time of the tests. Sutherland (personal communication 
1959 
desmethy! thio-carboxy derivative 


suggested that unknown |) was most likely the 
\ dealkvlated deriva- 
tive of the thio-carboxy compound should be more polar 
dimethyl the additional 


weakly acidic carboxyl group, but somewhat less polar 


than phosphate because of 


than the phosphoric acid) monoesters. As mentioned 
previously in this discussion, unknown D did not appear 
in significant quantities until at or after the thio-carboxy 
peak, a strong indication that it is derived from the thio 
carboxy compound in the same way that dimethyl phos 
phoric acid ts derived from the thio-carboxy compound, 
Evidence for the formation of dealkylated derivatives 
with other phosphorothioate insecticides has been  re- 
ported (Krueger ef al. 1959, Plapp & Casida 1958). Previ 
ous studies on the metabolism of dimethoate in cattle, 
rats, and plants failed to show the presence of a compound 
similar to unknown D, probably because it is so close in 
polarity to dimethyl phosphoric acid and thus remains 
unresolved in the chromatographic system (Dauterman 
et al. 1959), or 


detection was inadequate (Kaplanis ef a/. 1959b). Recently 


because the method of radiographic 
the desmethyl thio-carboxy derivative was synthesized 
by chemists of the American Cyanamid Co.) and, when 
chromatographed (80:20 acetonitrile-water system), ap 
peared on the filter-paper strip immediately below di- 
methyl phosphate in the same position as the unknown 
D. Thus unknown Dis probably the desmethyl thio 
carboxy derivative. 

Unknown © is either the monomethyl phosphate or 
another di- or tri-basic phosphoric acid. Unknown A ts 
probably in part radioactive material bound by waste 
products in the urine and phosphoric acid, since the latter 
Dauterman et al. 1960). 
Another major plant metabolite is the oxy-carboxy de- 
of dimethoate, and it could very well be that 


is a major metabolite in plants 


rivative 


f 
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unknown F is the same metabolite. Sutherland (personal 


communication 1959) states that unknown F could be no 
more polar than the thio-carboxy compound, and thus 
could have an acidic group no stronger than a carboxylic 
acid, Since the radiophosphorus activity was recovered 
In near-quantitative amounts from intramuscularly and 
orally treated sheep, it is highly improbable that other 
important metabolites with a toxie group could have re 
mained unaccounted for from unexereted phosphorus 
longer than several days 

One other phase of the metabolism of dimethoate in 
sheep deserves discussion. This phase involves the en 
zymes responsible for the conversion of dimethoate to its 
Sutherland 


1959) gives a good discussion of the enzymes that may be 


many metabolites personal communication 
involved. The most important enzyme is probably ami 


dase, since it is responsible for the conversion of the 


dimethoate to the carboxy derivative. Decarboxy 
methylase converts the carboxy derivative to the di 
methyl dithio-phosphate. Oxidase is responsible for sey 
eral conversions. This enzyme is involved in the conver- 
sion of dimethoate to the oxygen analog, of dimethy! 
phosphorodithioate to the dimethyl phosphorothioate, 
and then to the dimethyl! phosphate. Phosphorylase con- 
verts dimethoate to the desmethyl derivative as well as 
the carboxy derivative to desmethyl carboxy. In addi- 
tion, the same enzymes are probably responsible for the 
conversions to other noted metabolites, but their activi 


ties in these instances are less substantiated. 
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Fly Control in Dairy Barns Sprayed with Dimethoate and the 
Determination of Dimethoate Residues in Milk’ 


Tren-Hs1 Cuenc, Donacp E. H 


Frear, and Henry F. Enos, Jr., 


The Pennsylvania State University, University Park 


ABSTRACT 


During the summer of 1959, dairy barns and loafing pens 
were sprayed with 0.5% and 1% dimethoate (0,0, dimethyl S- 
(N-methylearbamoylmethyl) | phosphorodithioate in water 
emulsion. The sprays gave excellent control of the horn fly 
(Hiaematolia irritans (L.)) and the house fly (Musca domestica 
L.), their residual effect lasting from 5 to 9 weeks. The stable fly 
Stomoxrys calcitrans (LL appeared in the barns for a_ brief 
period during which it was effectively checked by the sprays 
Analysis of milk samples collected during June, July, August, 
and September showed no detectable amounts of dimethoate 


residues 


Tests on the effectiveness of dimethoate (O.O-dimetliv1 
phosphorodithioate) for 


S(N-methylearbamoylmethy| 
fly control in dairy barns and loafing pens were conducted 


on the Martz Farm, Paxinos, Northumberland County, 
Pennsylvania, in the summer of 1959.° Three barns, the 
size of which ranged from approximately 8,000 to 12,000 
cu. ft., and two loafing pens of 13,000 cu. ft. each were 
used in the tests. These structures were separated from 
each other by a minimum distance of one-half mile. The 
barns and pens were infested with the horn fly, //aema 
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Table 1.—Results of the first spraying with dimethoate emulsions for fly control in dairy barns. Martz Farm, Northumber- 


land County, Pennsylvania. June—October 1959. 





No, Horn Fires per 1,000 Cu, Fr. 


Days Arrer First 


No, Houst Fires eer 1,000 Ct 


No. STABLE FLIES PER 


F1 1,000 Cu. Fr. 





APPLICATION Treated Untreated Reduction Treated Untreated Reduction Treated Untreated Reduction 
June 10 Barn Barn ‘ / Barn Barn / Barn Barn (% ) 
1. Barn | S] rayed with 0.5% dimethoate emulsion 
$ e.6 117.0 97.8 6.5 55.0 $88.2 0.4 3.0 86.7 
10 5.0 208.0 97.6 5.0 25.0 80.0 0.4 $.5 91.1 
| 06 85.0 99.3 10.3 187.0 94.5 : 
35 ie 13.0 96.1 37.0 712.0 94.8 
Gh 5.8 24.0 77.1 276.0 669.0 D8.7 
B. Barn Il sprayed with 1% dimethoate emulsion 
5 6.0 117.0 94.9 3.5 55.0 93.6 0.2 3.0 93.3 
10 11.0 208.0 94.7 $9 25.0 SO. 4 0.2 $.5 95.6 
| a $5.0 98.7 7.5 187.0 96.0 
35 co 1.0 94.7 14.2 712.0 98.0 ‘ 
ot 1.6 24.0 93.3 +7 .0 669.0 93.0 
I populat rvegligil 
tobia irritans (L.), the house fly, Musca domestica L., the stable fly in the 10 days following application, its 
and the stable fly, Stomowys calcitrans (L.), The face fly, — effectiveness against this insect requires further investiga- 
Musca autumnalis DeGeer, was present but negligible — tion. 


in numbers and therefore no attempt was made to deter 
mine the amount of control of this insect that may have 
occurred following the treatments 

The barns and loafing pens mentioned above had been 
sprayed with malathion at least once a summer for 3 
successive vears beginning in 1956, 

EXPERIMENTAL PROCEDURI In the present investiga 
tion, Barns I and IL were spraved with 0.5°7 and 1°, 
dimethoate emulsion respectively and Barn ILL was used 
as an untreated check. One of the two loafing pens was 
treated with 0.5°, 


served as a check. Pretreatment fly counts showed no 


dimethoate emulsion and the other 


significant difference in the degree of infestation between 
the treated and untreated barns or loafing pens. 

Spray was applied on June 10 and again on August 14 
to the walls and ceilings of the barns and loafing pens by 
means of a power sprayer. All cows were excluded from 
the buildings during the spraying operations and for 2 
hours thereafter. Fly counts were made at intervals of 
from 3 to 65 days following each application. Milk from 
lactating cows housed in the buildings was collected and 
analyzed for dimethoate residues. 

Resuirs Results of the tests 
summarized in three tables and those shown in table 1 


AND Duscussion, are 
show that Barn I, spraved with 0.5°;7 dimethoate emul 
sion, was effectively protected against the horn fly and 
house fly for 35 days after the first application; reduction 
of the fly populations during that period varied from 
96.107. to 99.3867 with an average of 97.707 for the horn 
flv. and 80°; to 9E.8°>) with an average of 89.407 for the 
house fly. At the end of the 64-day period, the residual 
effect of the insecticide was partially lost as evidenced by 
the drop in reduction of the horn fly to 77.107, and of the 
house fly to 58.70% 


stable flv appeared to be satisfactory, but in this case the 
Y apy : 


Effectiveness of the spray against the 


population was relatively small at the start and, with a 
few exceptions, this species disappeared from both treated 
and untreated barns in the early stage of the experiment. 


Although the spray gave an average of 88.9°7 reduction of 


Data given in table 1 also show that in Barn II spray 
1°%, dimethoate provided better and more 
lasting protection against the horn fly and stable fly than 
that containing 0.5°% dimethoate. During the 64-day 


containing 


period following the first application, reduction in the fly 
populations ranged from 93.3% to 98.7% with an average 
of 95.3°% for the horn fly, and 80.49% to 98° with an 
average of 92.207 for the house fly. The data show that 
the residual effect of the spray persisted satisfactorily 
throughout the entire period of more than 9 weeks. Re- 
ductions in the stable fly populations averaged 94.4% in 
the 10 days after spraying. 

Table 2 shows the results of the second spraying made 
65 days after the first. In Barn I, 
0.5° 


where application of 
> dimethoate emulsion was repeated, the efficiency of 
the spray against both the horn fly and house fly was 
appreciably improved. During the 21 days that followed, 
reduction of the horn fly population varied from 97.9% to 
100°) with an average of 99.3°%. Most of this species 


Table 2.—Results of the second spraying with dimethoate 
emulsions for fly control in dairy barns. Martz Farm, North- 
umberland County, Pennsylvania. June-October, 1959. 





No. Horn Fires per No. House Fires per 1,000 
1.000 Cu. Fa Cr I 
Days Ar 
s IND Un 
\ ATION Treated treated Reductior lreated Untreated Reduction 
\ 14 Barn arn Barn arn Te 
1. Barn I spray th limethoate ¢ 
0.0 16.0 100 12.0 545.0 O78 
0 0.0 12.0 100 17.0 590.0 97.1 
I 0.4 19.0 97.9 11.4 388.0 97.1 
19.0 471.0 89.6 
‘ 101.0 914.0 890 
B. Barn II sprayed th 1 limeth 
0.0 46.0 100 15.0 545.0 97.2 
10 0.0 12.0 100 13.0 590.0 O78 
0.0 19.0 100 10.2 S8S8_0 97.4 
12.0 471.0 07.5 
{ 2.0 914.0 66.8 





Fly population negligible 
Barn partially whitewashed 16 days before fly 


Entire 


barn whitewashed 16 days before fly cx 





~) 


disappeared from both treated and untreated barns after 
this period. The house fly, too, was effectively held in check 
over a period of 65 days, reduction ranging from 89°% to 
97.8% with an average of 94.1%. Probably the residual 
effect of the insecticide carried over from the first applica- 
tion was responsible for the better and longer-lasting 
control. It should be mentioned at this point that the 
treated and untreated barns were whitewashed on Octo- 
ber 2, 49 days after the second application had been made. 
Barn I was whitewashed only partially. Fly counts made 
on the 65th day indicated that the residual effect. of 
dimethoate was not noticeably affected, as shown by the 
fact that reduction in the house fly population remained 
as high as 899% at the end of the 65-day period. In Barn 
II, the second application of the spray containing 1% 
dimethoate resulted in complete elimination of the horn 
fly during the 3 weeks when the insect occurred in suffi- 
cient numbers to permit a comparison of the degree of 
infestation between the treated and untreated barns. In 
the same barn, the house fly population was reduced by 
97.2% to 97.8% with an average of 97.49 during the first 
35 days. The barn was completely whitewashed prior to 
the last fly count on the 65th day but the spray residue 
remained effective to the extent of achieving 66.8° 
reduction of the house fly at the end of the period. 
Results of the tests on the use of 0.5°% dimethoate 
emulsion for fly control in a loafing pen for dairy cows are 
shown in table 3. Following the first application on June 
10, only a negligible number of the horn fly was located in 
the sprayed pen; reduction of the fly population varied 
between 92.107 and 100%, with an average of 96.1°7, over 
a period of 64 days. During the same period, reduction of 
the house fly population ranged from 74.1% to 967, with 
an average of 83.497. Spray residues from the first appli- 
cation appreciably enhanced the effectiveness of the 
second application, which was made on August 14, con- 
firming the results obtained from the treatment of dairy 
barns reported above. As a result, the treated pen was 
free of the horn fly and only sparsely infested by the house 
fly. Control of the latter was significantly more effective 
than in the first application; the reduction varied from 
94.5% to 98.3%, 
day period. 
Samples of milk from the lactating cows housed in the 


with an average of 96°7 during the 65 


sprayed barns and loafing pens, as well as from the cows in 
the unsprayed building, were collected and analyzed for 
dimethoate. The analytical method used was developed in 
this laboratory and will be published in detail elsewhere. 
Briefly, in this procedure dimethoate is extracted from 
milk with an ether-hexane mixture, and after the removal 
of the ether the hexane is extracted with acetonitrile. 
Pigments and lipids are removed by passing the extract 
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Table 3.—Results of spraying with 0.5‘; dimethoate 
emulsion for fly control in a loafing pen for dairy cows. Martz 





Farm, Northumberland County, Pennsylvania. June- 
October, 1959. 
No. Horn Fires eer No. House Fiies eer 1,000 
1,000 Cv, Fa Cu. F1 
Days Un 
(AFTER lreated treated Reduction Ireated Untreated Reductio 
APPLICATION Pen Pen Pen Pen / 
{. First application (Ju 
0.0 13.0 100 2.4 18.0 86.7 
21 o.1 24.0 99006 2.4 60.0 96.0 
5 1.6 22.0 92.7 29.0 126.0 77.0 
G4 0.6 7.6 92.1 5.0 185.0 74.1 
BLS fap} 1 
3 0.0 +.2 100 5.2 110.7 95 
10 0.0 4.7 100 6.0 109.0 94.5 
aI 0.0 7.1 100 1 56.0 94.5 
1b 4.1 189.0 07.8 
65 .2 302 0 Gs 





Fly population negligible 


through a Florosil column, and dimethoate is further 
separated from interfering extractives by paper chroma 
tography. Dimethoate can be detected and the quantity, 
estimated by the color developed when the paper is 
treated with 2,6-dibromo p-benzoquinone-+ chlorimine. 
This method is sensitive to 2 micrograms of dimethoate in 
200 ml. of milk (0.01 p. p. m.). 

The analyses were made of samples collected immedi 
ately after the buildings were sprayed, and at irregular 
intervals thereafter to act as spot checks. All samples 
analyzed, from milk collected on June 10 and 18, July 15, 
August 


detectable dimethoate residues. 


I4, 16 and 24, and September 15, showed no 


In conclusion, dimethoate is a promising spray material 
for fly control in dairy barns and loafing pens. The first 
application of an emulsion containing 0.5°7 dimethoate 
has been found to give effective control of the horn fly and 
house flv for 5 weeks, and that containing 1°; dimethoate 
for more than 9 weeks. A second application of the sprays 
accomplished significantly better and longer-lasting con 
trol of the horn fly and house fly than the first. The effee 
tiveness of dimethoate against the stable fly in dairy barns 
requires further investigation, although encouraging but 
limited results have been recorded. The fact that the 
barns and loafing pens used in the tests had been sprayed 
with malathion for 3 vears beginning in 1956 is of particu 
lar significance. It is possible that the flies so effectively 
checked by dimethoate were descendants of resistant 
strains. Analyses of milk samples collected from lactating 
cows housed in the treated barns and loafing pen showed 
no detectable amounts of dimethoate residues in’ any 


sample. 
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Seasonal History and Control of the Alfalfa Weevil in 
North Carolina’ 


W. V. CampBELL, T. 


G. Bowery, and K. G. Jesrer,? North Carolina State College, Raleigh 


ABSTRACT 


The alfalfa weevil (Hypera postica (Gyllenhal)) is the most im- 
portant pest of alfalfa in North Carolina where multiple treat- 
ments of malathion or methoxychlor are necessary for good pro 
tection in the spring. 

Granulated heptachlor when applied in mid-October or mid 
November gave optimum weevil control in tests conducted in 
1959 and 1960. Near perfect control was attributed to the de 
struction of adult weevils prior to oviposition which normally 
commences ino mid-November. Insecticide 
the 1 ib rate to a mid-October application of 
heptachlor, 

Experiments initiated in the fall, 1960, compared formulations, 


residues, howe Ver, 


limit per acre 


The alfalfa weevil, //ypera postica (Gyll.), is the most 
important pest of alfalfa in North Carolina. If alfalfa is to 
be grown and maintained in this State, control of the 
weevil is essential. Inadequate or no control can result in 
the loss of the first cutting, reduced second cutting, or loss 
of the stand. Larval feeding during April and May causes 
the greatest loss, but adult oviposition and feeding on 
stems and petioles may also weaken plants. 

Protection of alfalfa against weevil populations occur 
ring in this State in the spring necessitates multiple ap 
plications of malathion or methoxychlor. Control has been 
erratic even with multiple applications. Erratic control 
may be attributed to differences in the density of adult 
weevils, the time and distribution of egg hatch, type of 
spray equipment, gallonage and timing of sprays, and 
temperature. 

Seasonal history studies suggested fall application of 
insecticides may be effective in preventing the establish 
ment of adult weevils. Adult control prior to oviposition 
in the fall should be more effective than attempting to 
control larvae which hatch over an extended period of 
time. A fall treatment would offer the added advantage of 
reducing residues. 

Experiments initiated in the fall of 1959 were designed 
to ascertain whether insecticides applied prior to fall 
oviposition were more effective than postovipositional 
treatments. Subsequent tests were designed to verify and 
refine the timing and rate of application. 

Firtp Mertuops.——Seasonal history studies were con 
ducted for 3 years in Piedmont North Carolina. Mountain 
counties had too few weevils until 1960 to justify inten 
sive survey or control. Untreated fields of alfalfa were 
sampled at regular intervals, usually every 7 to 10 days, 
from January to January. Net sweepings and also the 
square-foot-sample method, described by Hamlin et al. 
(1949), 
collected by taking 100 net strokes with a 15-inch muslin 
net. Net contents were examined for adults and larvae. In 
addition 20 stems, selected at random, were examined for 


were employed in these studies. Weevils were 


larvae and pupae and dissected for eggs. 
Three established fields of alfalfa, located in two Pied 
mont counties, were selected for experimental plots in 


‘ 


rates, and timing of heptachlor for weevil control. Excellent 
control of adults was obtained with rates as low as 0.5 Ib. per 
acre in with that a mid-November 


treatment was at least as effective. Insecticides were less effective 


mid-October indications 
when they were applied after oviposition commenced or too far 
in advance of the time when the estivating adults return to al- 
falfa. Control obtained with one-half pound of granulated hepta- 
chlor applied in mid-October was equivalent to that obtained 
with 2 lb. per acre applied in mid-September. Thus, an intimate 
relationship exists between climate and weevil activity which in 
turn governs the optimum time for control of the overwintering 
weevil population. 


1959. Granulated heptachlor (25%) and granulated 
dieldrin (2%) were applied at the rate of 1 lb. of active 
ingredient per acre with a hand operated Gandy fertilizer 
spreader. Plots were 12 feet wide by 50 feet long. 

Dieldrin and heptachlor were applied on October 15 
and November 14, 1959, and February 1 and 20, 1960. 
Each material and date of application was replicated four 
times at the three locations. Plots received one application 
of insecticide for each predetermined date. 

Effectiveness of the insecticides was determined by 
larval counts and damaged plants. Larvae were counted 
by taking five sweeps in each plot with a 15-inch sweep 
net. Weevil-damaged plants in four, one-square-foot 
samples were counted in each replicated plot. Damage 
counts were taken 4+ to 7 days prior to normal first crop 
cutting. 

Samples of alfalfa were collected for each treatment 
date at 
Since the plots were small, regular harvesting equipment 
could not be employed without possible interplot con- 
tamination. A 15-foot swath was taken out of the center 
of each plot using a Tornado gasoline powered mowing 


the three locations for residue determinations. 


machine with a 3-foot blade set 3 inches above the ground. 
Samples were collected on May 6, in accordance with 
normal harvesting of the first crop of alfalfa. 

Two methods were employed in collecting alfalfa for 
residue analysis. The alfalfa was cut, allowed to fall to the 
ground, and picked up without raking. Another sample 
was taken by raking vigorously with a garden rake the 
cut alfalfa, litter and any dislodged soil into a pile. The 
raked alfalfa and accumulations of debris were placed in a 
kraft bag for residue determination. A composite sample 
was taken from the replicated plots of each treatment. 
The field samples were chopped in a Hobart cutter and 
duplicate 100-gram laboratory subsamples were taken for 
analysis. 

(n experiment Piedmont Research 


located at the 
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Station, Salisbury, N. C., was initiated in the fall, 1960, to 
verify results obtained with granulated heptachlor in 
1959, and to compare formulations, rates, and timing of 
heptachlor applications. Heptachlor was applied as a 
spray, granules, and in a fertilizer mixture at rates ranging 
from 0.25 Ib. up to 2 lb. active ingredient per acre. The 
insecticide-fertilizer mixture, which contained 160 tb. of 
23% granulated heptachlor per ton of 0-9-27 fertilizer, 
was applied with a Gandy fertilizer spreader. A cyclone 
seeder was used to apply the granulated formulation. The 
spray was applied with a hand boom sprayer at the rate of 
24 gallons of spray solution per acre. Plots, which were 12 
feet wide by 50 feet long, were treated in mid September, 
mid-October, and mid-November. Effectiveness of treat 

ments were determined by counting the number of adults 
per 50 net strokes in each plot. Evaluation of larval dam 

age was not available at the time of writing this paper. 

In another experiment located at the Upper Mountain 
Research Station, Laurel Springs (3,000 ft. elevation), 
only heptachlor spray and granules were compared for 
effectiveness. Heptachlor was applied as previously de 
scribed in mid-September and mid-October at the rates of 
0.5, 0.75, and 1 Ib. per acre. Treatments were evaluated 
according to the number of adults and larvae collected per 
10 net sweeps in each plot. Treatments were replicated 
three times. 

ANALYTICAL Mrruops. 
the determination of heptachlor was based on the method 
of Polen & Silverman (1952), as modified by Ordas et a/. 
(1956). 

The procedure used for the determination of heptachlor 


Analytical procedure used for 


epoxide was based on the method set forth in the paper 
“Tentative method for heptachlor epoxide on alfalfa. 
Revision I (11/11/58), Velsicol Chemical Corp... Chi 
cago, Illinois. 

Color measurements were made on a DK-2 Beckman 
Ratio Recording spectrophotometer, and absorbance 
readings were taken at positive peaks of 560 mu and 410 


Table 1.—Control of the alfalfa weevil and damage to al- 
falfa treated with granulated insecticides. Piedmont North 
Carolina, 1959-1960. 





AVERAGE NUMBER OF 


Damaged Plants in + 


Larvae per 5 Net 





Strokes Square Feet 
INSECTICIDE 
AND Bridges Dairy 
APPLICATION Farm Farm Bridges Steed Dairy 
Dart April 20 ‘April 21 May Apr.29) Apr. 30 
Heptac hlor 
Oct. 15 0 1.0 0 & 3 
Nov. 14 0 5 0 1.8 1.3 
Feb. 1 0 12.3 1.3 10.0 17.0 
Feb. 20 0 t.0 20 1.0 9.3 
Dieldrin 
Oct. 15 5 > .0 ) 1.0 1.5 
Nov. 14 5 6.0 2.5 9.0 5.0 
Feb. 1 6.8 31.0 19.0 55.5 56.5 
Feb. 20 6.8 2 33.8 2 8 55.5 
Untreated 61.3 152.8 137.3 105.8 110.0 
All applications made at the rate of 1 Tb. of toxicant per 


my indicative of heptachlor and heptachlor epoxide, 
respectively. Data were interpreted utilizing suggestions 
set forth by Mever ef al. (1960). 

The procedure used for the determination of dieldrin 
was based on the method of O' Donnell ef al. (1955). 

Resuuts anp Discusston.. October or November 
treatments with either heptachlor or dieldrin more effec 
tively controlled the weevil than a February application 
(table 1). The effect of date of treatment on weevil control 
was greater for dieldrin since dieldrin was not so effective 
as heptachlor. Muka (1957), App (1959), and Evans 
(1959) also reported heptachlor was more effective than 
dieldrin when applied as granules in the winter or spring. 

When granulated insecticides were applied in the fall, 
they were so effective that untreated plots contained one 
third as many larvae as the untreated checks in a spring 
spray experiment in the same field. An enormous differ 
ence existed at cutting time between the untreated checks 
of the two experiments. 

Owing to the moderate infestation in the plots in an 
otherwise heavily infested field, a more critical method of 
evaluation of control was needed. Damage counts by the 
square-foot-sample method provided the critical evalua 
tion. Near perfect control was obtained at the three loca 
tions with granulated heptachlor applied on October 15. 
Good control of the weevil was obtained with fall applica- 
tions of dieldrin but only fair control was obtained with 
the February treatments (table 1). 

Determinations for residues of dieldrin made from cut 
and raked samples of alfalfa are shown in table 2. No 
detectable residues were found on the fall-treated alfalfa 
when it was cut but not raked. Detectable residues of 
dieldrin were obtained for all treatment dates at the three 
locations when the first cutting of alfalfa was raked. Only 
after high temperatures and a lapse of 217 days from 
treatment, did dieldrin residues dissipate below detecta 
bility in the raked second cutting. When alfalfa was cut, 
but not raked, all second cutting samples were negative 
for dieldrin. Since residues of dieldrin were found on all 
first cutting, raked alfalfa, dieldrin could be safely used at 
the 1-Ib. rate only in the fall and only if the first cutting 
were harvested without raking, while the second and 
subsequent cuttings could be raked and baled. 

Residues of heptachlor and heptachlor epoxide re 
corded on alfalfa at the three locations and for the four 
treatment dates are shown in table 2. Cut samples of first 
cutting alfalfa at all treatment dates failed to show detect 
able residues of heptachlor or heptachlor epoxide employ 
ing the described analytical methods of analysis. Raked 
samples showed low level residues of heptachlor and its 
epoxide when heptachlor was applied in November or 
February. First cutting, raked samples obtained from the 
October 15 application, failed to show detectable residues 
ol heptachlor but a trace of the epoxide Was recovered 
from the Steed test. The Dairy and Bridges tests were 
recorded as negative for eponide Both cut and raked 
samples obtained from the second cutting failed to show 
detectable residues of he ptachlor or heptachlor epoxide 
when heptachlor was applied on October 15. These data 


indicate that if residues are to be avoided on first cutting 
baled alfalfa, heptachlor at the I-lb. rate must not be 
applied after mid-October. 

Since October and November applications of hepta 
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Table 2.—Residues (p.p.m.) of insecticides* applied to 
control the alfalfa weevil on alfalfa. Piedmont North Caro- 


lina. 1959-60.' 





LOCATION Dares or TREATMENTS 





AND 
CATEGORY 10/15 11/14 2/1 2/20 
Days from ‘Treatment to Sampling 

First Cutting’ 204 175 95 76 
Dieldrin 

Dairy, cut Neg Neg 0 26 0.10 

Dairy, raked 0.20 0.38 0.24 O45 

Steed, cut Neg Ney Neg Neg 

Steed, raked 0.11 0.19 0.22 0.27 

Bridges, cut Neg Neg 0.1] 0.78 

Bridges, raked 0.29 0.52 0.48 120 
He ptachlor 

Dairy, cut Neg Neg Neg Neg 

Dairy, raked Neg Neg 0.10 0.13 

Steed, cut Neg Neg Neg Neg 

Steed, raked Neg 0.13 0.17 0.19 

Bridges, cut Neg Neg Neg Neg 

Bridges, raked Neg 0.09 0.16 0.2] 

Heptachlor Epoxide 

Dairy, cut Neg Neg Neg Neg 

Dairy, raked Neg Neg 0.07 0.08 

Steed, cut Neg Neg Neg Neg 

Steed, raked 0.06 0.1 0.12 O14 

Bridge s, cut Neg Neg Neg Neg 

Bridges, raked Neg 0.05 0.05 0.10 

Davs from ‘Treatment to Sampling 
Second Cutting 246 17 137 117 
Dieldrir 
Bridges, cut Neg Neg Neg Neg 
Bridges, raked Ney Neg 0.10 0.10 
He ptacl 
Bridges, cut Neg Neg Ne Neg 
Bridges, raked Ney 0.07 0.07 0.19 
Heptachlor BE poxide 
Bridges, cut Ney Neg Neg 0.30 
Bridges, raked Neg Neg 0.16 0.33 
All applications made at the ‘ IIb. Kicant f 
All samples check corrected: sensitivity level. 0.05 p.p.n 






chlor granules were so effective in 1959 at the rate of 1 
Ib. of the active ingredient per acre, the possibility of 
reducing rates and residues was apparent. This was con 
firmed by the experiment at the Piedmont Research 
Station in the fall of 1960. Granulated heptachlor elimi 
nated adult weevils when | lb. per acre was applied in 
mid-October (table 3). There was a small, but progressive, 
increase In the number of adults collected when the 
amount of heptachlor was reduced from 1 tb. to 0.25 Ib 
per acre. Excellent control, however, was obtained with 
0.5 Ib. per acre of granulated heptachlor. Though the 
differences were small, consistently fewer adults were 
collected in’ plots treated with granules than in plots 
receiving a spray or heptachlor-fertilizer mixture. 

The date of application was more important than the 
amount of insecticide applied within the rates used in this 


experiment. There were fewer adults collected in- the 
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Table 3.-Control of alfalfa weevil adults with heptachlor. 
Piedmont Research Station, Salisbury, N. C., 1960. 





AveraGe No. Aputt WEEVILS 


PER 50 Nev STROKES" 


TOXICANT Dare 
LB./ACRI APPLIED Spray Fertilizer Granules 
Sept. 15 4.5 1.5 2.0 
2 Oct. 17 5 5 0 
Nov. 14 0 0 0 
Sept. 15 3.5 6.5 5.0 
l Oct. 17 5 5 0 
Nov. 14 0 0 0 
Sept. 15 7.5 &.6 6.5 
7) Oct. 17 +o 1.8 a) 
Nov. 14 ) 0 0 
Sept. 15 6.0 4.5 3.5 
50 Oct. 17 $.5 3.5 1d 
Nov. 14 0 0 0 
Sept 15 8.5 t.0 6.5 
5 Oct. 17 8.0 £0 2.5 
Nov. It 1.0 0 0 
Sept 15 13.5 12.5 20.5 
Untreated Oct. 17 13.0 10.0 19.5 
Nov. 14 9.6 3.5 3.0 





in September and October were sampled on November 14 
Plots treated in November wer 


sampled on December 7 


October-treated plots than in the September-treated 
plots. One-half pound per acre of granulated heptachlor 
when applied in mid-October was equivalent to 2 lb. per 
acre applied in mid-September. Owing to the small num- 
her of adults collected, information from November treat- 
ments was limited. Results, however, indicate mid 
November treatments were at least as effective as mid- 
October treatments. At the 0.5-lb. rate, there should be no 
residue problem even if heptachlor were applied up to 
mid November. 

Since the optimum time for control of overwintering 
adults is October 15 to November 15, the earlier the treat 
ments are applied before October the poorer the control, 
Ciranulated insecticides applied after fall oviposition 
commenced were also less effective and residues of these 
materials would preclude their use and limit optimum 
spring control to the use of relatively short residual 
insecticides. 

Tests conducted at the Upper Mountain Research 
Station, Laurel Springs, N. C., showed no difference in the 
number of weevils collected at the dates or rates hepta- 
chlor was applied (table 4). Spray and granulated formu- 
lations were equally effective. Excellent) control was 
achieved in this experiment also with 0.5 Ib. actual hep 
tachlor per acre. Plants exhibited moderate damage by 
larvae in the October-treated plots, but alfalfa treated in 
September outgrew the slight injury before frost. Thus, 
conditions at Laurel Springs would suggest: heptachlor 
should be applied after the last cutting and during the 
month of September 

Outstanding control with either a mid-October or mid 
November application of granulated heptachlor is at 
tributed to the seasonal history of the alfalfa weevil in 
Piedmont North Carolina. Adult weevils return to the 





746 JOURNAL OF Economic ENTOMOLOGY 


Table 4.—Control of alfalfa weevil adults and larvae with 
heptachlor. Upper Mountain Research Station, Laurel. 


Vol. 54, No. 4 


Table 6.—Fall activity of the alfalfa weevil at the Upper 
Mountain Research Station (elevation 3,000 ft.), Laurel 
Springs, N.C. 





Springs, N. C., 1960. 


AVERAGE No, LARVAE AND 
ADULTS PER 10 Net STROKES* 


TOXICANT Dati 
LB. /ACRE TREATED Spray Granules 
l Sept. 19 0 0 
Oct. 18 0 0 
75 Sept. 19 3 3 
Oct. 18 0 3 
50 Sept. 19 7 3 
Oct. 18 3 0 
Untreated Sept. 19 18.3 13.3 
Oct. 18 7 13.0 





‘September treatments sampled on October 19. October treatments sam 
pled October 25 


alfalfa fields in September, gradually increase in October 
and reach a peak in November or December. Oviposition, 
however, does not commence until mid-November (table 
5). The application of granulated heptachlor prior to mid- 
November prevents the establishment of adult weevils 
and for practical purposes eliminates oviposition and the 
damaging spring larvae. 

Larvae commence to hatch during December. They 
increase at a low level during the winter and usually reach 
their peak in April. Since these damaging April and May 
larvae are principally the result of fall-laid eggs, elimina- 
tion of the ovipositing adults in the fall would naturally 
offer the best control. 

Most overwintering adults die by early May and are 
replaced by the newly emerged adults. Adults of the new 
generation will feed for a short time until temperatures 
become excessive in late May and June. There is appar- 
ently only one generation of the alfalfa weevil in Pied- 
mont North Carolina. The seasonal history presented 
differs in two respects from that reported in Virginia 
(Muka 1957) and in Maryland (Manglitz & App 1957 
where some adults are found in alfalfa fields during the 
summer, while larvae are not recorded during the winter. 
In North Carolina, the higher summer temperatures force 
adults to seek better cover and higher winter temperatures 
permit larval survival in the alfalfa stems and crown 
shoots. In fact, larvae and copulating adults were col- 
lected under 4 inches of snow in Piedmont North Carolina 
in the winter of 1960. 

Since the seasonal history of the alfalfa weevil is closely 
associated with climate, the time of occurrence of the 


AVERAGE NUMBER COLLECTED 


Adults Eggs Larvae Pupae 

Dati per 100 per per 100 per 
1960 Sweeps Stem Sweeps Sq. Ft 
Sept. 9 1.0 0.1 74.0 0.3 
Sept. 20 14.3 La 151.3 3.0 
Oct. 4 13.5 0.8 whet 9.5 
Oct. 19 18.0 0.4 132.0 10.0 
Oct. 26 26.5 0.3 94.5 §.7 
Dec. 7 2.0 0 8.0 1.5 





stages and their peaks may shift from year to vear as 
much as 2 weeks. Even within the Piedmont there were 
slight differences in the degree of early larval damage be- 
tween the southern and northern areas. 

Late summer damage to alfalfa at Laurel Springs (ele 
vation 3,000 feet) prompted a study of the fall activity of 
the weevil. The striking difference between the seasonal 
activity of the weevil in the Piedmont and the fall activity 
of the weevil at Laurel Springs emphasizes the close 
relationship between climate and weevil activity. In the 
Piedmont, eggs have never been collected in the fall prior 
to November and larvae have never been collected prior 
to December. At Laurel Springs, all stages of the weevil 
were collected in September and October (table 6). 
Adults, which represent the overwintering population, 
emerged principally during May in the Piedmont and 
during October at Laurel Springs. 

The small number of adults that were collected in early 
September at Laurel Springs were old adults. Based upon 
the larval instars present in early September, oviposition 
must have occurred after the last cutting in mid-August. 
Additional oviposition in September and intermittent 
cool weather extended the interval for incubation and egg 
hatch. 
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Some Biological Comparisons of Resistant and Nonresistant Strains 
of the German Cockroach, Blattella germanica’' 


B. D. Perkins, Jr., and J. M. Grayson,? Virginia Agricultural Experiment Station, Blacksburg 


ABSTRACT 


Strains of the German cockroach (Blattella germanica (L re 
sistant to lindane, chlordane, and DDT were compared with a 
normal strain as to incubation period of eggs, developmental 
pe riod of nymphs, and longey ity of adults. 

In most comparisons, the resistant strains were more hetero- 
geneous than the normal strain. The average incubation period 
in the DDT-resistant strain was shorter than in any of the other 
three strains, none of which were different from each other. The 
nymphal developmental periods for males and females in either 
the DDT- or lindane-resistant strains were longer than the corre 


The incubation period, ny mphal developmental period, 
and adult longevity of normal German cockroaches 
(Blattella germanica (L. 
investigators. Rau (1944) found the incubation period of 
German cockroaches to range from 6 to 18 days, and 
Roth & Willis (1952) found it to be about 13 days. 
Willis et al. (1958 reported an incubation period of ap 
17 days. Rau (1944 


cases to have nymphal develop 


)} have been studied by several 


proximately found cockroaches 
from three hatching egg 
mental periods of 53, 54, and 56 days. Noland et al. (1949 
and Willis et al. (1958) found that about 40 to 41 days 
were required for nymphal development at 30° C. Also, 
Willis ef al. (1958) have reported the lifespan of normal 
adult German cockroaches to range from 97 to 180 days 
for the females and to be about 128 days for the males. 
Roth & Willis (1956) found that virgin females lived for 
an average of 156 days. 

Resistant and susceptible strains of the German cock 
roach have been compared from many standpoints. 
Grayson (1953) found the egg cases in DD'T-, BHC-, and 
chlordane-resistant strains of the German cockroach to 
be smaller in both length and width than those in the 
normal strain; the greatest decrease in size was observed 
in the DD'T-resistant strain. Mahan & Grayson (1956 
made morphological comparisons of resistant and normal 
strains of the German cockroach and found that males 
and females in resistant strains were usually smaller than 
those in the normal strain. Males and females in DDT- 
and chlordane-resistant strains of the German cockroach 
weighed less than those of the corresponding sex in the 
normal strain (Grayson 1953, 1954). 

The developmental period and adult longevity of re 
sistant and normal house flies (.usca domestica L.) have 
been studied by a number of workers. Bruce (1949 ob 
served that the life cycle of DDT-resistant house flies ap- 


sponding ones in either the chlordane-resistant or normal strains. 
The females in all of the resistant strains lived longer on the aver- 
age than normal females, but there was no significant difference 
in longevity of males between any of the strains. All differences 
reported were highly significant. 

Data are presented on mortality of gravid females, percentage 
of nonhatching egg cases, and sex ratios in the different strains. 

Some possible relationships between development of resistance 


and certain biological changes are briefly discussed. 


peared to be 1 or 2 days longer than normal. Pimentel 
et al. (1951) found DD'T-resistant house flies to have a 
significantly longer larval period than a normal strain, but 
no difference was found between their incubation periods. 
March & Lewallen (1950) found no difference in length of 
life cycle between DDT- and nonresistant house flies, 
although greater than 300-fold resistance was present. 
Babers et al. (1953) found no differences in comparing six 
susceptible and two resistant strains as to length of larval 
periods. Pimentel et a/. (1951) and Afifi & Knutson (1956) 
have reported no differences between adult lifespans of 
resistant and normal house flies, whereas Ouye & Knut- 
son (1957) found that malathion-treated larvae devel- 
oped into adults which lived only 82% as long as the un- 
treated. Hunter ef al. (1958) found DDT-resistant female 
house flies to have a 15% % shorter lifespan after treatment 
with DDT, but they found no difference upon compar- 
ing lifespans of Diazinon-treated, DDT-resistant house 
flies with untreated, DDT-resistant house flies. Hunter 
t al. (1959) examined the DDT-45 strain (resistant to 
DDT, Dilan, dieldrin, and DDVP) and the Roberds 
strain (resistant to DDT and dieldrin), after treating 
the females with DDT or Diazinon, and found a shorter 
lifespan occurred in the treated females than in un- 
treated females. Varzandeh et al. (1954) examined re- 
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sistant and normal house flies for several vigor traits, in 


cluding longevity, and concluded that the inheritance of 


the resistance factor is independent of factors associated 
with vigor. 

Knutson (1955) treated a wild strain of Drosophila 
the 
treated flies had a slightly greater longevity than un 
treated flies of this strain. 

Lehr & Smith (1957) found no differences in lengths of 
incubation or developmental periods between normal 
and malathion-resistant strains of the two-spotted spider 


with a sublethal dose of dieldrin and found that 


mite. 

The purpose of the present study was to compare the 
lengths of time required in the egg, nymph, and adult 
stages of strains of the German cockroach resistant to 
DDT. chlordane, and lindane normal 


with those of a 


sex ratio and the 


strain. Incidental information on the 

number of nonhatching egg cases produced by the fe 

males of the different strains was also obtained. 
Marertats AND Metuops... The DDT- and the 

lindane-resistant strains used in this study were pro 


duced by placing cockroaches under selection pressure to 
these insecticides in the laboratory. The chlordane-re 
sistant strain was obtained from Corpus Christi, Texas, 
in 1952, the resistance having developed as the result of 
sustained use of chlordane in control of German cock 
roaches. A high level of resistance was maintained in all 
strains by periodic exposure of large nymphis to residues 
of the appropriate insecticide on masonite panels. The 
selections gave greater than 85°; kill, and they were 
usually conducted at intervals of several generations 
The normal strain was one that had been reared for 10 
years or more in the laboratory without any intentional 
exposure to insecticides. 

To obtain information on the incubation period, large 
nymphs of each strain were placed in I-gallon battery 
jars and a resting surface of screen wire was provided in 
order to facilitate daily Approximately 
400 nymphs from each strain were under observation in 


observations. 


these containers, with about 200 being placed in each 
jar. As maturity occurred, each encapsulated female was 
removed to a wide-mouth, quart jar accompanied by a 
male, 

Isolated females carrying egg 
observation in order to obtain known dates of emergence 


cases were kept under 


of nymphs for use in the nymphal developmental study. 
Upon emergence the nymphs were reared in quart jars, 
approximately 10 per jar, and they were observed daily 
until maturity was reached. For each strain the nymphs 
were obtained from at 50 different 
roaches, usually 10 being taken from each egg case. 

For obtaining data on adult longevity, large nymphs 


least female cock 


were placed in battery Jars and observed for date of 
maturation. The cockroaches were then placed in quart 
containers, with up to five pairs being placed in one jar. 
Observations were made once every 2 days with occa 
sional daily observations. 

Food, in the form of pellets of commercial dog food 
(Red Ranger brand), and water were constantly supplied 
in all phases of this study. The jars of cockroaches were 
kept in a walkin cabinet maintained at approximatel) 
30° C. and 65% relative humidity. 


The lengths of incubation and nymphal developmental! 


. 
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Table 1.—The incubation periods of eggs from females in 
resistant and normal strains of the German cockroach.* 





No OF haa 


INCUBATION Prrtop 


STRAIN CASES DAYS 
Lindane-resistant 161 17.96+ .09 
Chlordane-resistant 148 IS. 18+ .08 
DD T-resistant 128 17.57+ .09 
Normal 122 1S.00+ .06 





Consult text for differences between strains 


rhe average plus or minus the standard error of the mean 


periods, and adult longevity, for the different strains were 
expressed as averages plus or minus the standard error of 
the mean. The “t” test was applied to all comparisons 
for determination of statistical differences. 

RESULTS 
of incubation period are shown in table 1. The egg cases of 


The results obtained from studies on length 


the normal strain hatched within 16 to 19 days after for 
mation, indicating a high degree of homogeneity. Con 
versely, the length of time required for hatching of eggs 
in the resistant strains varied from 15 to 23 days. In all 
four strains the greatest number of egg cases hatched on 
the 18th day. The average incubation period was highly 
significantly shorter in the DD'T-resistant strain than in 
each of the remaining three strains. There was no signifi- 
cant difference in lengths of incubation period of eggs be 
tween normal, chlordane-resistant, and lindane-resistant 
strains. 

The mortality of gravid females in the different strains 
was recorded. It was 12.707 in the DD’T-resistant strain. 
2.1°7 in the chlor 
the 
Records were also kept of the nonhatching egg cases. In 
the DD'T-resistant strain 23.5‘ 
hatch; 7.60 im the 
the normal 
2.8°, failed to hateh. 

The results of the nymphal developmental studies are 


in the lindane-resistant strain, 


3.9% 
dane-resistant strain, and 3.007) in normal strain. 
+ of the egg cases failed to 
1.7% in 


strain 


chlordane-resistant strain; 


strain; and in the lindane-resistant 


shown in table 2 and figures | and 2. Considerably more 
heterogeneity was found in the lengths of the nymphal 
the DD'T-re 


sistant strains than in those of the normal and chlordane 


developmental periods of lindane- and 


resistant strains. This was evident in both the females and 
the males. Comparisons between sexes in the chlordane 


resistant and normal strains on the one hand. and the 


Table 2.—Comparisons of nymphal developmental periods 
for resistant and normal strains of the German cockroach. 





NYMPHAI 


No. oF DEVELOPMENTAI 

STRAIN SEX INpivipuALs Prriop (pays 
Lindane-resistant Fr 293 34.98 + .24 
Chlordane-resistant i 228 $2.38+ .19 
DDT-resistant iD 233 $5.46+ .23 
Normal] Ik 71 33.16+ .20 
Lindane-resistant M 286 Sh.13 > .18 
Chlordane-resistant M 213 33.41 17 
DD T-resistant M 246 36.06 + 23 
Normal M 80) 33.68 + .13 





Consult text for differences between strains 


© The average plus or minus the standard error of the meat 
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acl 


lindane- and DD 'T-resistant strains on the other, re 


vealed only small differences between strains 
the lengths of nymphal developmental periods for males 
DD T-resistant 


However, 


and females in either the lindane- o1 
strains were highly significantly different from the corre 
sponding ones in either the chlordane-resistant or normal 
strains. The females in all strains followed a consistent 
pattern of maturing earlier than the males. The range in 
nymphal period for all strains was from 28 to 47 days. 

The sex ratio of the matured cockroaches approached 
unity in all instances. The ratios of females per 1.00 male 
were as follows: normal strain, 1.07; chlordane strain, 
0.94; DDT strain, 1.02; and lindane strain, 0.97, 

The results of the adult longevity study are shown in 
table 3 and figure 3. The longevity of females in all three 
resistant strains showed considerable heterogeneity when 
compared with normal strain females. The DDT -re 
sistant strain, which had the highest order of resistance of 
the resistant strains, was the most heterogeneous. The 
average lifespan of females in each of the resistant strains 
was highly significantly longer than that of normal-strain 


females, and the longevity of DD T-resistant females was 


| ~\ * 
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Table 3.—Adult longevity of females and males in resist- 
ant and normal strains of the German cockroach." 





No. OF LONGEVITY 
STRAIN SEN INDIVIDUALS DAYS)! 
Lindane-resistant I 140 54.82+2.71 
Chlordane-resistant I 144 58.85+3.41 
DD 'T-resistant IK 172 66.41+3.33 
Normal Fk 179 43.37+2.20 
Lindane-resistant M 109 40.49+1.80 
Chlordane-resistant M 122 37.60 +1.46 
DDT-resistant M 151 39.91+1.63 
Normal M 125 37.06+1.98 





Consult text for differences between strains 
of the mean 


lhe average plus or minus the standard error 
highly significantly longer than that of lindane-resistant 
females. The longest lifespans for females were 168 days 
in the normal strain, 180 days in the lindane-resistant 
strain, 208 days in the DDT-resistant strain, and 208 
days in the chlordane-resistant strain. Comparisons of 
the longevity of males in the four strains indicated no 
significant differences between strains. The lifespan of 
males was quite similar for all strains with a maximum of 
approximately 100 days. 

Discussion. The lengths of the incubation period of 
the eggs in the resistant strains were more variable or 
heterogeneous than that of the normal strain. The aver- 
age incubation period in the DDT-resistant strain was 
shorter than in the chlordane-resistant, lindane-resistant, 
or normal strains. The lengths of time required for devel- 
opment in the egg stage found in this study are in general 
agreement with those obtained by Willis ef al. (1958) on 
a normal strain of the German cockroach reared under 
similar conditions, but differ from those obtained by 
Rau (1944) and Roth & Willis (1952). 

The lindane- and DD'T-resistant strains exhibited more 
heterogeneity in time required for nymphal development 
than either the normal or the chlordane-resistant strains. 
Both the lindane- and DDT-resistant strains had signifi 
cantly longer nymphal developmental periods than the 
other two strains. The averages obtained here are in fair 
agreement with those obtained by Noland et al. (1949 
and Willis ef a/. (1958) when normal cockroaches were 
reared under conditions somewhat similar to those em 
ployed in this study. The time required for nymphal de 





/ «— DOT Stra 

/ 

/y 

; \ 4 /* 
LY 'y \ f 
‘ > , 
_ ~—- } 
r pe Se | 
F cory 2 30 1401 60 Ito? 200 21 

yevity ay 


Longevity of females from resistant and normal strains 


of the German cockroach, 





750 JOURNAL OF Economic ENTOMOLOGY 


velopment reported by Rau (1944) was considerably 
longer than that reported here. 

The females of all the resistant strains exhibited more 
heterogeneity in adult longevity than those of the normal 
strain. However, this was not true in the case of the 
males. The lifespans of the females in the resistant strains 
were highly significantly longer than that of normal fe- 
males. Although the longevity of males in all three re- 
sistant strains was slightly longer than that of normal 
males, the differences were not significant. The exten- 
sions in female longevity of resistant strains were as fol- 
lows: DDT >chlordane > lindane. This is of interest since 
the magnitude of resistance of each strain to the insec 
ticide used in its selection follows the same pattern. The 
average longevity of adult male and female German cock 
roaches reported here, from both resistant and normal 
strains, is considerably shorter than that reported by 
Willis et al. (1958), although rearing conditions were 
similar. 

One might attempt to correlate the development of re- 
sistance to chlorinated hydrocarbon insecticides in the 
German cockroach with some of the biological character 
istics included in this study. There is little question that 
the changes reported are the result of the population se 
lections which had occurred. However, it is not clear 
whether these changes are correlated with resistance, or 
are merely fortuitous. It is possible that the reduced in 
cubation period in the DDT-resistant strain is of im- 
portance in this respect. Likewise, it is also interesting to 
note that the length of the nymphal developmental period 
in the resistant strain originating in the field is essentially 
the same as the normal strain, whereas that of the two re- 
sistant strains developed in the laboratory is significantly 
different from the normal strain. Brown (1959) has 
pointed out that resistant strains produced by selection 
in the laboratory may differ in genetic composition and 
phenotypic characteristics from those originating in the 
field. Also, perhaps the high percentage of nonhatching 
egg cases in the DDT-resistant strain is worthy of further 
comment as it would likely help to explain the low biotic 
potential previously reported for this strain (Grayson 
1953) and its rather rapid loss of resistance when expo 
sure to insecticide is discontinued (Grayson 1960). 

The sex ratio, which approached unity in all instances, 
is in accord with the findings of previous investigations 
with normal German cockroaches (Hilchey & Patton 
1952, Willis ef al. 1958). 
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A Three-Year Study on the Effect of Fly Control on Milk Production 
by Selected and Randomized Dairy Herds' 


Tiren-Hst CuenG and Earn M. Kesuer,? The Pennsylvania State University, University Park 


ABSTRACT 


During the three consecutive summers of 1957, 1958, and 
1959, 99 lactating cows were used to test the effect of fly control 
on milk production under varied farm conditions on three farms 
in Centre County and Northumberland County, Pa. On the 
University and Tilford farms, the animals were selected on the 
basis of railk production, stage of lactation, body weight, age, 
and general physical condition; these were divided into two 
similar groups, the treated and untreated, which were managed 
alike throughout the trials. On the X Farm, two randomized 
herds served as treated groups and a third one as the untreated 
control; no attempt was made to equalize the management of the 
three randomized herds 

The flies on the three farms were the horn fly, [/aematobia irri- 
, the stable fly, Stomoxys caleitrans (L.), the horse flies, 
DeGeer), the 


Vusca autum 


fans (1. 
Tabanus sulecfrons 
house fly, Vusca domestica L., and the face fly, 
nalis DeGeer. Treatments for fly control included the use of 


spray and aerosol formulations containing various combinations 


Macquart) and 7. giganteus 


of such principal ingredients as methoxychlor, dimethoate, 
R-1207 n-octyl sulf 


di-n-propyl isocinchomeronate), 


synergized pyrethrins, 3-chloropropy! 
oxide), MGR R-326 
polypropylene glycol, diethyltoluamide, and = ‘Thanite iso 


bornyl thiocvanoacetate, 82, other related terpenes, 18% 


butoxy 


Phe formulations were applied by means of two automatic de 
vices: an electric-eve controlled sprayer consisting of a pipe sys 
tem with LO nozzles, a photoelectric relay unit, and a pump 
motor assembly; and a automatic photoelectric aerosol appli 
cator (also known as automatic photoelectric device equipped 
with a triggering mechanism for releasing aerosol from contain 


ers. Cows were sprayed once daily after milking, as they passed 


In the last four decades several researchers have con 
ducted studies on the effect of fly control on the produc 
tion of milk by dairy cattle. Owing to the fact that the 
problem of fly control in relation to milk flow is compli- 
cated by a number of factors, such as the physiological 
response of cows to treatment, herd management, fly 
population, et cetera, reports of the findings have not 
been consistent as to the results achieved. Freeborn ef al. 

1925, 1928 
ducing dairy cows exposed to heavy infestations of biting 


in California have reported that high-pro 


flies and house flies suffered only a slight loss in milk pro 
duction, but the loss was aggravated by the application 
of an oil-based spray. The authors were of the opinion 
that the loss to dairy production caused by flies some 
times had been overestimated and that often greater 
damage to the cows had resulted from the spray than 
from the flies. Experiments conducted by Neel (1957) in 
Mississippi failed to show a significant difference in milk 
production due to the control of the horn fly. On the 
other hand, Bruce & Decker (1947 
onstrated that there was a high degree of inverse correla 


in Ulinois have dem 


tion between changes in milk production and fly abun 
dance; and that poorly managed herds relying largely on 
pasture for food showed a greater response to treatment 
than well-managed herds, which received excellent care 


and heavily supplemented rations. Tests made by Granett 


through the doorways or chutes at which the devices were 
mounted. Milk production records were kept during the treat- 
ment period as well as the pretreatment and posttreatment per- 
iods, except on the Tilford Farm 

These tests showed that under the conditions prevailing in 
this investigation, fly control did not have significant effect on 
milk production by the selected herds on the University and 
Tilford Farms, which were well managed and liberally supplied 
with supplementary feeds. This was consistently true through- 
out the three seasons regardless of the differences in the degree of 
fly infestation, ranging from heavy to light, or in the effective- 
ness of treatments, varying from excellent to unsatisfactory. It 
also appeared that neither the absorption of small amounts of 
methoxychlor by the treated cows nor repeated applications of 
oil-based sprays had adverse effect on milk productivity of the 
animals concerned. Of the six selected or randomized herds re- 
celving spray or aerosol treatments, only one randomized herd 
on the X Farm showed favorable response; the average daily de- 
crease in milk production in this herd, which was poorly managed 
and supplied with very scanty pasture and limited supplements, 
was significantly less than that in the untreated control, Sta- 
tistical analyses indicated that the decrease in milk production by 
the treated herd was approximately one-third that of the un- 
treated 

Findings of the 3-year study lead to the suggestion that among 
the factors involved in determining the effect of fly control on 
milk production, herd management with particular reference to 
the supply of pasture and supplements could play a dominant 


role . 


& Hansens (1956, 1957) in New Jersey indicated that 
treatments containing methoxyechlor increased milk pro- 
duction by reducing the number of biting flies on treated 
COWS. 

The 3-year study reported in this paper was carried out 
under varied farm conditions in different parts of Penn- 
sylvania to determine if treatments for fly control on se- 
lected and randomized dairy herds would achieve vari- 
able responses in milk production owing to differences in 
herd management, degree of fly infestation, efficiency of 
treatment, spray formulations and method of application, 
and the absorption of insecticides by treated animals. 

EXPERIMENTAL Procepure.— During the three con- 
1958, and 1959, three dairy 
farms in Pennsylvania were selected for the tests, namely, 
the University Farm in Centre County, and the Tilford 
Farm and the X Farm in Northumberland County. The 
flies on the three farms primarily consisted of the horn 


secutive summers of 1957, 
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Table 1.—The effectiveness of various formulations applied for fly control on dairy cattle and milk production by treated 
and untreated animals. University Farm, Centre County, Pennsylvania. 1957, 1958, and 1959. i ie 
Mitk Propuction 
FORMULATIONS No. Repuction® (% ; 
AND PRINCIPAL DAILy Daily Avg./Cow (Lb ' 
INGREDIENTS* PrERIODS OF APPLICA- Horn Stable Significant ' 
% TREATMENT PIONS Fly Fly Treated Untreated Difference 
{. Applied by means of an electric-eye-controlled sprayer, 1957 ; 0 
I | 0 
June 1-26 0.0 0.0 $2.3 bts None i 0 
Pretreatment H 
i 
\ I 
8.6 BPG July 4-Aug. 1 22 HT Cie Pi 2 39.1 Ho None; 0 
1.0 methoxychlor II minus) | ; 0 
0.6 Lethane 354 P<0.2 I 0 
0.03 syn. pyrethrins i 
in petroleum distillate | 
; 
B HI None; | 0 
15 diethyltoluamide Aug. 8-19; 10 99.9 64.7 HI—I (P<0.5); 0 
l methoxychlor II—I1 (P>0.5 0 
in water emulsion 11+-111 ' 
| 
Ss ae 38.2 P<0.5 : l 
i 0 
( i ( 
15 diethyltoluamide Aug. 20-Sept. 9 19 99.9 76.1 | 
3 Thanite 
1 methoxychlor 
(in water emulsion l 
) 
1\ None 
Sept. 29-Nov. 2 0.0 0.0 27.0 9.1  IV—1(P>0.5): 
posttreatment I\ 111 (P>0.5 
B. 1p) lied by means of a photoelectric aerosol applicat wr. [958 
\ ‘a 
May 21—June 17 0.0 0.0 17.1 IS 5 None 
Pretreatment 
i VI None; 
1 methoxychlor June 25 July 18 19 97.7 50.9 41.4 13.8 VI-V (P>0.5 
15 diethyltoluamide 
il VII None; 
1 methoxychlor July 23-Aug. 8; 13 93.4 30.7 VII--V (P>0.5); | 
3 Thanite VII-VI (P>0.5); 
ie 90) VI+ VII 
\ 
‘ 
iil ; 
2 methoxychlor Aug. 12-21 6 95.3 11.0 P>0.5 | 
2 MGK R-326 | 
iN Vill 
2 0 methexychlor Aug. 24-Sept. 12; 16 OS 6 tS. 1 Nom 
0.2 synergized pyrethins VIII-—V (P>0.5 | 
Ht 33 VITI-VII (P>0.5 | 
' 
\ 
+.0 methoxychlor Sept. 13-27 1+ 98.9 61.5 i 
0.2 synergized pyrethins i 
Oct. 1-Nov. 4 0.0 0.0 ID | IS 6 None; | 
posttreatment IX—V (P<0.5 i 
is Applied by means of an electric-eye-controlled sprayer. 1959 
X 
May 15-June 17 0.0 0.0 JF. 405 None 


Pretreatment 
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Mitk Propuctrion 








FORMULATIONS No. Repuction? (% 
AND PRINCIPAL DAty Daily Avg. /Cow (Lb.) 
INGREDIENTS® Prrtops o1 APPLICA Horn Stable Significant 
% TREATMENT TIONS Ils Fly Treated Untreated Difference® 
1D) XI 
0.50 dimethoate June 18—July 9; 19 95.6 75.0 
0.20 R-1207 
0.03 syn. pyrethrins 
in water emulsion 
bE 97.2 17S None; 
0.50 dimethoate XI—-X (P<0.5 
0.20 R-1207 July 10-22; 7 97.2 58.2 
0.04 syn, pyrethrins 
in water emulsion 
Ik 
0.50 dimethoate July 23-Aug. 12 19 96.2 71.8 
0.40 R-1207 
0.04 syn. pyrethrins 
in water emulsion 
G X11 
1.0 dimethoate Aug. 13 Sept. 9 23 97.9 60.0 None; 
0.40 R-1207 XII—X (P>0.5 
0.04 syn. pyrethrins XII—XI (P>0.5 
in Deobase 40.7 $1.5 
Hl XI+NXII 
1.0 dimethoate Sept. 11-19 6 96.7 6.8 X 
2.0 R-1207 2 
in Deobase P>0.5 
XIII None; 
Sept. 20-Oct. 17 0.0 0.0 33.6 36.1 XIHI—X (P<0.5 
Posttreatment XITI— XII (P<0.5) 
see text for deta St 
Flies were counted at both 6 or 7 hours and at LL hours after each apph For a discussion of tly populations, see text 
Between treated and untreated animals based est we ly decrease in milk production per cow between the treatment periods indicated. The 
ime holds true for the tables that follow 


Butoxy polypropylene glycol 


fly, [laematohia irritans | L.), the stable fly, Stomowys 
caleitrans (L.), the horse — flies, Tabanus sulcifrons 
(Macquart) and 7. giganteus (DeGeer), the house fly, 


Musca domestica L., and the face fly. Vusca autumnatlis 


Det weer. 

On the University Farm 16 lactating Holsteins were 
employed in the tests in 1957 and 14 in 1958 and in 1959; 
individuals were involved, 


however, only 31. different 


since some were used in successive seasons. For each trial 
the animals were divided into two similar groups on the 
basis of milk production, stage of lactation, body weight, 
age, and general physical condition. Average daily milk 
production at the start of the trial varied from 438.0 
pounds per Cow in 1957 to 56.5 pounds in 1959. Stage of 
lactation was similar for all trials, averaging 97 days; 
and body weight averaged 1,260 pounds. In each year, 
one of the two groups served as a check and was not 
sprayed for fly control. The other group was treated with 
spray formulations by of 
trolled sprayer (Cheng et al. 1957 mounted in a doorway 
of the barn in 1957 and 1959, and with aerosol formula 


means an electric-eve-con 


tions by a photoelectric aerosol applicator (also known as 
automatic photoelectric device, Cheng et al. 1959) in 
stalled in a barnyard gateway in 1958. Aerosol was re 
leased from a set of three 12-ounce containers mounted 
on the device. The two groups occupied different sections 


of the barn. The untreated group was led to one pasture 
before spraying started. The treated group was sprayed 
after milking early in the morning, as the animals passed 
through the doorway or gateway on their way to another 
pasture. The insecticide-repellent formulations applied 
with the electric-eye-controlled sprayer in 1957 were: A. 
8.60, butoxy polypropylene glycol, 1°%% methoxychlor, 
0.657 Lethane 384° (8-butoxy-0’-thiocyanodiethy] ether), 
0.250% piperonyl butoxide and 0.039% pyrethrins in 
petroleum distillate; B. 15°% diethyltoluamide and 1% 
methoxychlor in water emulsion; C. 15% diethyltolu- 
3°% Thanite* (isobornyl thiocyanoacetate, 82°%, 
and 1° methoxychlor in 


amide, 
other related terpenes, 18°7) 
water emulsion. The formulations used in 1959 consisted 
of the following: D. 0.5°7 dimethoate, 0.2% R-1207 (3- 
chloropropy! n octyl sulfoxide), 0.1% MGK 264 (N-(2- 
ethylhexyl)-bicyelo [2.2.1]-hept-5-ene-2,3-dicarboximide), 
0.06% piperonyl butoxide and 0.03°% pyrethrins in water 
emulsion; E. 0.59% dimethoate, 0.2% R-1207, 0.138% 
MGK 264, 0.089% piperonyl butoxide and 0.04% py- 
rethrins in water emulsion; F. 0.59% dimethoate, 0.4% 
R-1207, 0.189 MGK 264, 0.08% piperonyl butoxide and 
0.040% pyrethrins in water emulsion; G. 1% dimethoate, 
0.400 R-1207, 0.189% MGK 264, 0.089% piperonyl bu- 
toxide and 0.049% pyrethrins in Deobase; H. 1% di- 
methoate and 2°, R-1207 in Deobase. 


r¢ 
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The aerosol formulations applied by means of the — siderable portion of which consisted of tall-growing on 
photoelectric aerosol applicator in 1958 were as follows: Sudan grass or millet crops. At night they were confined sis 
i. 1% methoxychlor, 15% diethyltoluamide, 249% Deo- in separate lots near the barn which contained a small CO" 
base, and 60% propellent; ii. 1% methoxychlor, 3% amount of pasture. Feeding of all animals was liberal. CO" 
Thanite, 36% Deobase, and 60% propellent; iii. 2% Whenever pasture became scanty, hay or silage was used sel 
methoxychlor, 2% MGK R-326 (di-n-propy! isocincho- as a supplement. Concentrates were fed at the rate of ap- mi 
meronate), 2% MGK 264, 34% petroleum distillate, | proximately 1 pound per 3 pounds of milk produced, the er, 
and 60% propellant; iv. 2% methoxychlor, 2% piper- same total amount being fed to each group throughout ph 
ony butoxide, 0.2% pyrethrins, 45.8% petroleum distil- the trial. un 
late and 50% propellent; v. 4% methoxyehlor, 2% The cows were milked twice daily. Milk was weighed scr 
piperony!] butoxide, 0.2% pyrethrins, 43.89% petroleum — after each milking and the amount recorded to the near cet 
distillate, and 50% propellent. est one-tenth pound. Production records on the cows age 
The cows were treated once a day. On the average, the — were also kept for pretreatment and posttreatment com dui 
electric-eye-controlled sprayer delivered approximately — parisons. for 
120 ml. and the photoelectric aerosol applicator 7.8 On the Tilford Farm in Northumberland County, tests He 
grams of material per animal. Treatments were suspended = were made in 1957 involving 14 lactating Holsteins, het 
when weather was unfavorable or when the spray or | which were screened and divided into two similar groups. : 
aerosol formulations were changed. In the latter case, the — In general, the procedure followed was the same as that acr 
animals were washed thoroughly with soap and water, described previously except that treatments were made blu 
and several days were allowed to pass before a different only with the electric-eye-controlled sprayer. Spray for clu 
formulation was applied. A total of 51 applications were — mulations used in the tests included the following: L. 3% ing 
made in the summer of 1957, 68 in 1958, and 74 in 1959. Thanite and 10% methoxychlor in water emulsion; J. 10% eve 
During the pretreatment periods, counts of flies did — butoxy polypropylene glycol, 8°7% Thanite, and 1% | 
not show significant difference in the degree of infestation —methoxychlor in water emulsion. The amount of spray to. 
between treated and untreated groups. After treatments delivered averaged 75 ml. per animal. A total of 44 appli- unt 
began, the flies on both groups were counted twice a day, — cations were made from June 26 to August 30. Fly counts Th 
at 6 or 7 hours and at 11 hours after each application. were made twice a day at between 5 and 9 hours after wel 
The mean number of flies per animal was determined by — each application in treatment period XV, and once a day M¢ 
counting the flies on all of the animals in each group. at 7 or 8 hours in periods XVI and XVII (table 2). Milk eth 
The animals were managed alike throughout the — production by both the treated and untreated cows was cep 
trials They were maintained as part of the same herd, recorded during the treatment period only. H, 
although physical contact between treated and un To study the effect of fly control on milk production in ma 
treated animals was avoided. During the day the two randomized herds, tests were conducted on the X Farm ing 
groups were kept on separate but similar pastures, acon- — in Northumberland County. Three herds located about the 
py! 
1.8' 
Table 2.—The effectiveness of spray formulations applied by means of an electric-eye-controlled sprayer for fly control on till: 
dairy cattle and milk production by treated and untreated animals. Tilford Farm, Northumberland County, Pennsylvania. Ri 
1957. : 
pip 
REDUCTION Mitk Propuction 19. 
OF STABLI 3.6 
FORMULATIONS AND No. Dairy FLIES AND Daily Avg./Cow (Lb MIC 
PRINCIPAI PrERIODS OF APPLICA Horse Furs Significant . 
INGREDIENTS* (% TREATMENT TIONS w/, Treated Untreated Difference 
an 
XI\ eac 
June 18-25 0.0 31.3 $3.1 None ing 
Pretreatment 7 
I X\ con 
Thanite, 3 June 26—July 10 11 60.1 30.3 31.0 None; cow 
methoxychlor, 1 XV—NXIV (P<0.5 ave 
J XVI None; pe 
BPG, 10 July 11-Aug. 4 15 S04 0.3 18.2 XVI-XIV(P<0.5); ¥.8 
Thanite, 3 XVI-XV (P<0.5 I 
methoxychlor, 1 XV+XVI bas 
NIN 
: on 
P<0.5 wal 
tres 
XVII \ 
Aug. 5-30 Is 85.8 23 $0.3 None: meee 
XAVII—XIV (P>0.5 
XVIT—XVI(P>0.5 On 
pro 
In water emulsion; see text for details A 
Flies were counted at both 5 and 9 hours after each application in period XV, and 7 or 8 hours in periods XVI and XVIL. For a discussion of fly populations lent 
see text 
© Butoxy polypropylene glycol anc 
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one-half-mile apart were used in the tests. Herd A con- 
sisted of 15 cows, Herd B of 19 cows, and Herd C of 20 
cows. With the exception of a few Guernseys, all of the 
cows employed were Holsteins. Both breeds were repre- 
sented in each herd. Herd A was treated with spray for- 
mulations by means of the electric-eye-controlled spray- 
er, Herd B with aerosol formulations by means of the 
photoelectric aerosol applicator and Herd C served as the 
untreated check. The members of each herd were not 
screened as to milk production, stage of lactation, et 
cetera, nor were any attempts made to equalize the man- 
agement of the herds. The average daily milk production 
during the pretreatment period was 36.6 pounds per cow 
for Herd A, 27.7 pounds for Herd B, and 27.4 pounds for 
Herd C; the stage of lactation for the three corresponding 
herds averaged 175, 164, and 155 days, respectively. 

Twelve acres of pasture land were used by Herd A, 3 
acres by Herd B, and 8 acres by Herd C, and consisted of 
blue grass, timothy, and clover. Supplementary feeds in- 
cluded hay and a concentrate made up of commonly used 
ingredients. The latter was fed in the mornings and 
evenings at the rate of 8 pounds per animal daily. 

Herds A and B received treatments when they were led 
to the pastures after milking each morning. Herd C, the 
untreated control, was pastured at about the same time. 
The spray formulations with which Herd A was treated 
were as follows: Kk. 1% dimethoate, 0.2907, R-1207, 0.1% 
MGK 264, 0.06°7% piperonyl butoxide and 0.038% pyr- 
ethrins in water emulsion; L. Same as formulation Kk, ex- 
cept that Deobase was used instead of water; and D and 
H, both stated previously. A total of 48 applications were 
made. Flies were counted at 6 or 7 hours after each spray- 
ing. The aerosol formulations applied on Herd B included 
the following: vi. 0.997 dimethoate, 1.807, R-1207, 0.27% 
pyrethrins, 0.906 MGK 264, 0.549% piperonyl butoxide, 
18°) xylene, 4.59% isopropanol, 25.299, petroleum dis- 
tillate, and 64° 7 propellants; vii. 1.807 dimethoate, 1.8% 
R-1207, 0.27°% pyrethrins, 0.990 MGK 264, 0.54% 
piperonyl butoxide, 1.89% xylene, 90% 
19.8907 petroleum distillate, and 64°, propellants; viil. 
3.6% dimethoate, 1.89 R-1207, 0.279% pyrethrins, 0.9% 
MGK 264, 0.5406 piperonyl butoxide, 1.806 xylene, 18% 
isopropanol, 9.099% petroleum distillate, and 640% propel- 
lants. Fly counts were made at both 7 and 2+ hours after 


isopropanol, 


each treatment, a total of 37 treatments being made dur- 
ing the season. 

The amount of spray delivered by the electric-eve 
controlled sprayer averaged approximately 110 ml. per 
cow. The photoelectric aerosol applicator discharged an 
average of 10.5 grams of aerosol per animal, from a set of 
four 12-ounce containers. Actual spraying time averaged 
2.8 seconds per cow in Herd A, and 2.5 seconds in Herd B. 

In order to study the effect of water-based and oil- 
based sprays on milk production, the formulations tested 
on the University and X 
water base to oil base, or vice versa, during part of the 


Farms were changed from 


treatment periods. 

Milk production on both the Tilford and X Farms was 
recorded twice a day to the nearest one-hundredth pound. 
On the X Farm, both pretreatment and posttreatment 
production records were available for comparison. 

As a whole, the management of the animals was excel- 
lent on the University Farm, fair on the Tilford Farm, 
and poor on the X Farm. 
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Resutts AND Discussion.—Results of the 3-year 
study are summarized in tables, 1, 2, and 3. In table 1 are 
shown the results achieved on the University Farm. 
During the 4 months from June to September in 1957, 
the mean numbers of horn flies and stable flies on the un- 
treated cows were 74 and 35, respectively, per animal per 
count. In the latter part of July and early August, how- 
ever, When infestation was heavy, it was not uncommon 
to find more than 200 horn flies and 100 stable flies on an 
untreated cow. As a result of the treatments, the horn 
fly population on the treated animals was reduced during 
the season by an average of 99.9% and the stable fly popu- 
lation by 72.6%. Although the differences in the fly popu- 
lations between the treated and untreated groups were 
highly significant, and the latter group was heavily in- 
fested, as far as the conditions in the State of Pennsyl- 
vania are concerned, the t-test for average daily decrease 
in milk production per cow in different periods indicated 
that differences between the two groups were not signi- 
ficant. The periods involved and the values of P are in- 
cluded in the table. 

In the same table it is shown that, in 1958, aerosol for- 
mulations consisting of methoxychlor variously mixed 
with synergized pyrethrins, Thanite, MGK R-326, 
diethyltoluamide, et cetera, provided an average of 96.8% 
control of the horn fly but a limited protection against the 
stable fly, which was reduced by an average of 46.6%. 
Maximum fly abundance occurred in July, during which 
time more than 300 horn flies and 290 stable flies per un- 
treated animal were observed at one time or another. 
The mean numbers of flies per untreated cow per count 
for the duration of the investigation were 54 for the horn 
fly and 45 for the stable fly. The t-test indicated that the 
difference in milk production between the treated and 
untreated animals was not significant. 

Spray treatments made on the University Farm in 
1959 contained such principal ingredients as dimethoate, 
synergized pyrethrins, and R-1207. The numbers of horn 
flies and stable flies on the untreated cattle averaged 32 
and 18, respectively, per animal per count; however, dur- 
ing the height of the fly season in July, untreated cows 
were often each infested with upwards of 250 horn flies 
and 170 stable flies. The treated cows showed a reduction 
of the horn fly by an average of 96.7%, and that of the 
stable fly by 64.497. The reduction in fly populations due 
to treatments did not have significant effect on milk pro- 
duction as indicated by the t-test. 

The changes from an oil-based spray (formulation A) 
to water-based sprays (formulations B, C) and from 
water-based sprays (formulations D, E, F) to oil-based 
sprays (formulations G, H) as shown in table 1, did not 
produce significant differences in the trend of milk pro- 
duction. Repeated daily applications of the oil-based 
sprays caused no apparent injury or adverse effect in the 
treated animals. 

Analyses of milk showed that small amounts of meth- 
oxychlor residues (with a maximum of 0.1 p.p.m.) were 
found in the samples taken from cows on which meth- 
oxychlor mixtures were applied by means of the electric- 
eve-controlled sprayer (Cheng et al. 1958). However, 
milk from cows receiving aerosol treatments was not con- 
taminated by the insecticide (Cheng et al. 1959). 

Results of the tests conducted in 1957 on the Tilford 
Farm are given in table 2. The animals were heavily in- 
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Table 3.—The effectiveness of various formulations applied for fly control on dairy cattle and milk production by treated fest 
and untreated animals. X Farm, Northumberland County, Pennsylvania. 1959. fly 
140 
Per Cent Repuction' MiLk PropuctTion late 
FORMULATIONS : 
AND PRINCIPAL No. DAILY Face Fly‘ Daily Avg./Cow un 
INGREDIENTS* PrRIODS OF APPLICA- and (Lb.) duc 
(%) TREATMENT TIONS Horn Stable House Significant spr: 
Fly Fly Fly Treated’ Untreated@ Difference and 
A, Applied by means of an electric-eye-controlled sprayer on Herd A pan 
— duc 
XVIII "1 
June 9-29 0.0 0.0 0.0 36. 27.4 
(Pretreatment on 
flies 
D XIX ing 
0.5 dimethoate July 1-15 10) 92.6 81.1 65.7 33.5 26.8 . flies 
0.2 R-1207 
0.03 syn. pyrethrins app 
(in water emulsion) the 
the 
; K  &.4 the 
1.0 dimethoate July 17-Aug. 10 16 99.3 81.1 68.3 $3.7 26.4 None; 18 | 
0.2 R-1207 AX —XVITI (P<0.5 fl 
0.03 syn. pyrethrins ae 
(in water emulsion whi 
R-1] 
L XXI tion 
1.0 dimethoate Aug. 13-Sept. 4 16 98 4 85.9 79.6 None; stal 
0.2 R-1207 XXI—XN it 
0.03 syn. pyrethrins (P<0.5 Spy 
(in Deobase) x xX) mal 
$1.2 20.7 AVIDI trea 
) 
, rot 
P<0.5 I 
cant 
H tabl 
1 dimethoate Sept. 8-14 6 96.9 88.3 92.4 (fori 
2 R-1207 H) | 
(in Deobase 
cont 
XXII A 
Sept. 15-Oct. 5 0.0 0.0 0.0 33.1 23.4 None; i and 
(Posttreatment) XXIIT—XVIII: i hort 
%¥<(.2 
io * eee and 
XNIT—XNI (P<0.5 
trea 
, mor 
B. Applied by means of a photoelectric aerosol applicator on Herd B al 
: ana 
XXIT ‘ milk 
—- June 9-29 0.0 0.0 0.0 27.7 27 4 
(Pretreatment one- 
crea 
vi XXIV 1.8: 
0.9 dimethoate July 17-Aug. 10 16 OS . 4+ 59.9 53.2 28.8 26.4 XNIV—XNIII fron 
Y9O7 ». ° 
i 8 R-1207 oF P<0.001 signi 
-* Vin. Vrevtnrins 
‘ 8) 1 Pp! € ! Her 
i - , , r\ com 
vil XXV XXV-XXIV: 
1.8 dimethoate Aug. 13-24 10 99.2 71.5 68.0 P<0.01 Heri 
1.8 R-1207 Ai 
0.27 syn. pyrethrins Herc 
26.6 20.7 : 
ide ‘ ‘ tions 
Vill XXIV+XN\N i 
3.6 dimethoate Aug. 27-Sept. 13 11 98.2 78.9 73.6 XXIII: et 
1.8 R-1207 2 It 
0.27 syn. pyrethrins P<0.001 1957 
oe on it 
XXVI . . herd 
Sept. 15-Oct. 5 0.0 0.0 0.0 25.1 23.4 XXVI-—-XNIII: : 
(Posttreatment P<0.05) cons 
Uniy 
® See text for details gree 
> Flies were counted at 6 or 7 hours after each application on Herd A, and at both 7 and 24 hours on Herd B. For a discussion of fly populations, see text. in t] 
© Ratio between face flies and house flies = 3.4: 1 | 
4 Treated and untreated cows on X Farm were of the same breeds but not paired, as were those on University Farm and Tilford Farm (tables 1-2), on the basis to u 
of milk production, stage of lactation, body weight, and age sorp' 
© Milk production in the trial treatment period (July 1-15) not included in the t-test. 
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fested with the stable fly and flies, but the horn 
fly was present only in negligible numbers. As many as 
140 stable flies and horse flies per cow were recorded in 
late June and early July. The seasonal average was 24+ per 
untreated cow per count. The fly populations were re- 
duced by an average of 75.49% on cows treated with 
spray formulations containing methoxychlor, Thanite, 
and butoxy polypropylene glycol. However, the t-test 
again failed to show significant differences in milk pro 
duction between the treated and untreated groups. 

Table 3 includes summaries of results obtained in 1959 
on the X Farm, involving three randomized herds. The 
flies on the untreated group, Herd C, were abundant dur- 
ing most of August, a high of 200 stable flies and 70 face 
flies and house flies per cow being noted. The horse flies 
appeared for a brief period before treatments began and 
the horn fly was found in small numbers during most of 
the season. The seasonal averages of fly populations on 
the untreated herd were 10 horn flies, 45 stable flies, and 
18 face flies and house flies per animal per count. Face 
flies outnumbered house flies by 3.4 to 1. On Herd A, 
which received spray treatments containing dimethoate, 
R-1207, and synergized pyrethrins in different combina- 
tions, the reduction of the horn fly averaged 96.897, the 
stable fly 84.10%, and the face fly and house fly 76.5°7. In 
spite of the effective control of flies on the treated ani- 
mals and the large number of stabie flies infesting the un- 
treated, the t-test for the average daily decrease in milk 
production per cow in different periods showed no signifi- 
cant difference between the two groups. Data given in the 
table also show that the change from water-based sprays 
(formulations D, K) to oil-based sprays (formulations L, 
H) had no effect on milk production, although better fly 
control was achieved. 

Aerosol formulations containing dimethoate, R-1207, 
and synergized pyrethrins applied on Herd B reduced the 
horn fly by an average of 98.67, the stable fly by 70.1%, 
and the face fly and house fly by 64.997. As a result of the 
treatments administered, Herd B produced significantly 
more milk than Herd C, the untreated control. Statistical 
analyses indicated that the average daily decrease in 
milk production by the treated cows was approximately 
one-third that of the untreated, the ratio of the daily de- 
crease between the treated and untreated groups being 
1.8:5.3. The difference was significant at levels ranging 
from P <0.001 to <0.05, as shown by the t-test. This 
significant improvement in productivity is manifested in 
Herd B, although the treatments as a whole did not ac- 
complish better fly control than those administered to 
Herd A. 

Analysis of milk samples collected from cows in both 
Herds A and B, treated with spray and aerosol formula- 
tions, respectively, showed that no detectable amount of 
dimethoate was present. 

It is apparent from the results obtained in the 3 years, 
1957 1959, the fly control did not have a significant effect 
on milk production by the selected and well-managed 
herds on both the University and Tilford Farms. This was 
consistently true throughout the three seasons on the 
University Farm regardless of the differences in the de 
gree of infestation, which ranged from heavy to light, or 
in the effectiveness of treatments varying from excellent 
to unsatisfactory. It also appeared that neither the ab 
sorption of small amounts of methoxychlor by the treated 
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cows nor repeated applications of oil-base sprays had an 
adverse effect on milk productivity of the animals in- 
volved. It was possible that the liberal supply of supple- 
mentary feeds on the two farms served to minimize the 
loss of grazing due to fly annoyance, with the result that 
milk production by untreated cows was not significantly 
affected. Therefore, in a well-managed dairy farm and 
under the circumstances previously described, it is ques- 
tionable whether the execution of .fly control measures is 
financially rewarding. However, it should be pointed out 
that in the years covered by this study, the face fly was 
not a major pest in Pennsylvania. 

Among the six herds receiving spray or aerosol treat- 
ments in the three seasons, only Herd B on the X Farm 
was benefited by the treatments in that the average daily 
decrease in milk production in this herd was significantly 
less than that in the untreated control. As stated in the 
experimental procedure, the three randomized herds on 
the X Farm were given different amounts of pasture, 
equivalent to $ acre per cow in Herd A, approximately } 
acre per cow in Herd B, and 2? acre per cow in Herd C, As 
the results indicated, Herd B, which was poorly managed 
and provided with much less pasture than either Herd A 
or the untreated herd, was responsive to treatments 
whereas all others failed to show any favorable effect as 
far as the production of milk was concerned. 

Although numerous factors are involved in determining 
the effect of treatments in relation to milk flow, it ap- 
pears that under the conditions prevailing in this in- 
vestigation, herd management, with special reference to 
the supply of pasture and supplements, played a decisive 
role in regard to the response of lactating cows to treat- 
ments for fly control. 
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Aphid Control Trials on Sugar Beets and Virus Yellows Disease 
in Kern County, California’ 


Epwarp 8. Sytvester, Vernon E. Burton, and G. V. Ferry? 


ABSTRACT 


The economic feasibility of the use of systemic pesticides 
(either demeton or Di-Syston® (O-O-diethyl S-2(ethylthio)ethy! 
phosphorodithioate) for the suppression of aphid vectors of the 
sugar beet yellows viruses was indicated from the results ob- 
tained on replicated plots conducted in Kern County, California, 
during the spring of 1960. In terms of tons of beets per acre, a 
preplant application of Di-Syston granules at a rate of approxi- 
mately 2 pounds of actual toxicant per acre was found to be bet- 
ter than no treatment, but inferior to any other treatment 
schedule whether it involved one or two treatments. The best 
treatment combination used was a preplant treatment with Di- 
Syston granules followed by an application of a demeton spray 


Although it now must be recognized that the virus 
yellows disease which affects sugar beets in California is 
perhaps a syndrome of various etiologies (Duffus 1960), 
it still remains a problem of virus spread control. Since 
all known viral causes of beet vellows are transmitted 
by aphids, efforts have been made during the last 3 
years to evaluate the influence of aphid suppression meas- 
ures on the yield of sugar and virus spread in beets in the 
Kern County area of California. The work of the 1958 
season (Sylvester et al. 1959) suggested that repeated 
applications of a demeton spray to sugar beets in the 
spring of the year would delay the spread of virus yellows 
and would result in increased sugar vields. Although such 
an approach was not economically feasible, the possibility 
remained that an economically sound pesticide phase of 
the virus control program could be developed. 

In the spring of 1959, additional data on the dynamics 
of aphid development on sugar beets in Kern County 
were collected, and a sequential sampling plan (Sylvester 
& Cox) was developed to facilitate the surveying of beet 
fields and the timing of pesticide applications. In general 
during 1959 the aphid populations remained at levels 
much below those encountered in 1958, and the appear- 
ance and spread of beet yellows was corresponding] 
delayed. The result was that both tonnage and percentage 
of sugar increased to a point of general satisfaction by 
the growers. 

Failure to obtain an economically realistic appraisal of 
a pesticide program in 1959 led to additional tests during 
the spring of 1960, the results of which are herein re 
ported. 

MATERIALS AND Meruops. 
established in three locations. Two beet fields were 
selected for a series of plots consisting of a treatment and 
a check replicated four times. A randomized block design 
was used. Each plot consisted of 16 rows of sugar beets 
(8 rows counted, buffered by 4 rows on each side) extend- 
ing as strips for the length of the field. A weekly sequen 
tial sampling plan based upon the assumption of a bi- 
nomial distribution of infested and noninfested plants 
was used to time the treatment (Sylvester & Cox). The 
treatment was applied when sampling indicated that the 
level of infested plants had reached 50%. Treatment 


Replicated plots were 


(applied at a rate of 8 ounces of actual toxicant per acre in 44 
gallons of water) when sampling indicated that the number of 
infested plants approached 50%. Under conditions of a multi- 
treatment test, however, increased yields were also found with a 
single treatment schedule of either a demeton spray or a top al 
application or a side dressing of Di-Syston granules (at a rate of 
approximately 1 pound actual toxicant per acre). Because of the 
inherent difficulty in predicting the development of aphid popu- 
lations and the relative slowness with which a side dressing be- 
comes effective, it would probably offer the least reliability of 
the various treatment schedules tried, with the exception of the 


single preplant treatment 


consisted of one application of a demeton spray at the 
rate of 2 pints (8 ounces actual toxicant) per acre in 
44 gallons of water. 

In the third location a randomized block design was 
used to compare 8 treatments in 4 replications. A preplant 
application of granulated Di-Syston® (O,O-diethyl  S- 
2-(ethylthiojethyl phosphorodithioate) (1.85 pounds of 
actual toxicant per acre) was compared with and without 
an additional application of (1) a demeton spray applied 
as above, (2) a Di-Syston topical application of granu- 
lated material (1.03 pounds of actual toxicant per acre), 
and (3) a Di-Syston side dressing with granulated mate 
rial at the same rate, applied using 1 chisel per row, 7 
inches to the side and 5 inches deep. An untreated check 
was also included. The treatments (other than the 
preplant) were applied either 15 days before (in the case 
of the side dressing) or 4+ or 5 days following.that time 
(March 29) when sampling had indicated that the infesta- 
tion of the plants in the untreated check was approaching 
the 50° level. 

In addition to the sequential sampling of infested 
plants, a random sample of plants was taken each week 
from each of the plots and the number of aphids found on 
each plant was recorded. The basic subsampling tech- 
nique of randomly chosen areas has been described 
(Svlvester ef al. 1959), 
of 8 single rows of beets (4 rows counted bordered on each 


and as before each plot consisted 


side by two buffer rows) beginning 50 feet in from the 
edge of the field and extending for an additional 200 feet. 
The number of plants sampled per plot was 160 throug! 
March, and then was reduced to 40 for the remainder of 


the sampling season. 
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For analysis of variance, because of the contagious 
distribution of the aphids (Sylvester & Cox) the actual 
numbers of insects counted were transformed using log 
(n+1). Mean separation was by the Duncan multiple 
range technique. 

Yield data were collected by both commercial and hand 
harvesting. In one of the single-treatment fields, vields 
were based upon the commercial harvesting of two rows 
per plot, each row being 1,044 feet in length. In the second 
field they were based upon the commercial harvesting of 
four rows per plot, each row being 1,295 feet in length. 

In the eight-treatment experiment, the harvest data 
were based upon the yields obtained from tractor-lifted, 
hand-topped beets from 100 feet of each of the four 
rows counted in each plot. The beets were weighed in the 
field to the nearest 0.5 pound using a spring scale. A 
subsample was bagged from each row for sugar analysis. 
All vields were converted to tons per acre for analysis. 

Resuits,—-Semitropic district (west of Wasco, Cali 
fornia, grower— Gregory Malofy). Aphid sampling 
on Mareh 8, 1960, and was continued at weekly intervals 
until April 26, 1960. The demeton spray was applied 
during the week of March 22 when sampling indicated 


} 
pepvan 


that approximately 50°; of the plants were infested. The 
results of the treatment on the aphid population are 
given in table 1. A vellows disease count made on May 3, 
diseased plants in the 
in the treated. The 


response to treatment in terms of tons of beets per acre, 


1960, showed approximately 160; 
untreated plots versus about 10 


per cent sugar and tons of sugar per acre are given in 
table 2 

Kern Lake district 
fornia, grower— Frick Brothers). 
begun on March 8 and continued at weekly intervals 


southwest of Bakersfield, Cali 
Aphid sampling was 


with the exception of April # when irrigation interfered 
until May 3. The demeton spray was applied during the 
week of Mareh 22, again when sampling indicated the 
population at the level of approximately 50°) of the 
plants infested. The results of the aphid sampling are 
given in table 1, and the vields are given in table 2. 
Taking each location separately, no significant evi 
dence was obtained for either an increase in per cent sugar 


or tons of beets per acre being associated with treatment. 


Table 1.—Influence of a single application of a demeton 
spray on the development of aphid populations in two loca- 
tions during the spring of 1960. 





APHIDS (PER CENT INFESTED PLANTS 


Semitropic Kern County 





Dart Treated Untreated Treated Untreated 
March $8 0 1} 
March 15 12.5 28 
March 22 19.0 6 
March 29 7 91 7 69 
April \ 33 100 irrigation 
April 12 83 100 69 99 
April 19 97 100 86 100 
April 26 100 100 92 100 
May 3 100 100 
* Semitropic area is about 8 miles west of Wasco, Kern County, California 

while Kern Lake district is southwest of Bakersfield 
lreatment, a demeton spray, was applied during the week of March 22-29 
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Table 2.—Sugar beet yields (mean standard error“) 
from two replicated plot series designed to determine the in- 
fluence of the application of one demeton spray for the con- 
trol of aphids in Kern County, California during the spring of 
1960. 





Tons or Beets Per Cent Tons or SuGAR 

LOCATION PER ACRI SUGAR PER ACRE 
Semitropic 

Treated 20.75+1.21 15.1+0.15 $.12+0.17 

Untreated 18.75+1.21 14.8+0.25 2.70+0.17 
Kern Lake 

Treated 23.99 +0.7 15.4+0.16 3.69+0.15 

Untreated 22 95+0.7 14.9+0.26 2.70+0.17 





* Standard error estimates for tons of beets and sugar were based upon anal 


f variance, those for the per cent sugar upona total of 4 subsamples from 


ich of 4 plots in each treatment. Differences were not significant 


There was a consistent tendency for both yield and per 
cent sugar to increase with treatment in each location, 
and thus the two sets of data were tested for variance 
homogeneity. The discrepancy in the estimates of vari- 
ance fell below the statistical limit for rejection, and the 
data were combined into a single analysis using locations 
as the third main factor in the sources of variation. When 
this was done the analysis indicated that no significant 
evidence existed for differences in yield in terms of tons 
of beets per acre, but significant evidence was found in 
terms of tons of sugar per acre. Presumably consistent 
trend for increases in both tonnage and per cent sugar was 
responsible for the latter result. The need for additional 
replication to increase sensitivity in such experiments is 
obvious. 

Shafter district (northwest of Bakersfield, southeast of 
Shafter, growers Camp and Lackenmaier). Aphid counts 
were begun on February 28 and continued at weekly 
intervals (with the exception of the week of April 22 
when the field was irrigated) until May 10, 1960. The 
effects of the various treatments on the aphid population 
are given in table 3. 

Detectable populations were found on March 8, but 
statistically supportable evidence for the differential 
effects, of the treatments was not found until March 29. 
The following conclusions were reached concerning the 
impact of the various treatments on the development of 
the aphid population during the spring of 1960. By 
March 29 the Di-Syston preplant treatment (B) and that 
composed of Di-Syston preplant plus a Di-Syston side 
dressing (E) reduced the population below that found on 
plots which had no treatment or which had been treated 
only with a side dressing of Di-Syston. Presumably the 
plants as vet had not grown out to the toxicant applied as 
a side dressing. 

By April 4 the side dressing of Di-Syston alone (H) 
still was not effectively reducing the population, but the 
topical applications (either demeton spray (C) or Di- 
Syston granules (D)) were effective. Again the preplant 
treatment (B) and the combination of preplant plus a 
side dressing (D) showed evidence of reduction in popula- 
tion. The topical application of Di-Syston plus preplant 

1)) was superior to the side dressing alone (H), but not 
to the spray (C). The demeton spray (F) was effective 
enough to partially mask any additional effect of the 
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Table 3.—Aphid population developing on sugar beets with various pesticide applications in Kern County, California, dur- 
ing the spring of 1960. 





No. PLANTS 


SAMPLED 


Dart 


February 


TREATMENT’/MEAN APHIDS PER PLAN1 








160 23 \ B 
0.00 0.00 
March 
160" l \ B 
0.00 O.00 
160 8 B A 
0.00 0.01 
160 15 B \ 
0.02 0.04 
160 ”y B Ik | \ 
). 92 24 0:7 1.11 
April 
HW) t ( I 1) I G B i \ 
0.25 0.71 1.58 1.90 2.33 2. 6 OSG 10.67 
aD 12 ( 1) F G Ik B I \ 
0.26 0.74 1.30 2.4 2.13 6.19 7.06 14.638 
1D 19 ( F ID G B He \ 
2.87 3.85 8.39 5.40 11.66 19.28 23.56 33.42 
by 26 ( I) F Ik G f | B \ 
5.84 6.10 10.30 10.50 20). $2 30.70 35.30 83 ..60 
May 
10 3 I ( D I G G I \ 
7.98 9.30 11.20 16.00 25.78 39.77 11.96 165.70 
10 10 $.75 +.76 5.40 i? .32 13.69 13.99 19.17 $4.27 
* The treatments were: (A) untreated; (B) Di-Syston preplant (1.85 pounds acre applied January 23-24); (C) preplant +demeton spray (8 ounces acre in 44 
gallons of water, applied April 1 D) preplant +Di-Syston topical application of granules (1.03 pounds acre applied April 2 E) preplant + Di-syston. side 
dress application, one chisel per row, 7 inches to side, 5 inches deep (1.03 pounds acre, applied March 16 F) demeton spray pplied as above G) Di-Svsto 
topical application, applied as above; and (11) Di-Syston side dress, applied as above 
> Geometric means connected by a common underline are not statistically se parable at the 5°; level 
© Sampling mistakes resulted in the following N values for: March 1, B=159; April 4, B and 1 9: April 12, ¢ 39; April 26, A, D, and G =39 


preplant treatment. By the folowing week (April 12). the — preplant treatments when used in combination with an- 


effectiveness of the preplant treatment was still evident, other treatment, but all of these were separable from a 
but now only in association with an additional treatment single treatment either in the form of a preplant treat 
The spray and topical applications (G2) were not separa ment or as a side dressing. Dual application of toxicants, 
ble, but the topical was somewhat inferior to the spray — cither as a spray or as a topical application, was superiot 
as indicated by its failure to hold the population at a — toa topical application alone, but not to the single spray. 
measurably lower level than either the side dressing — Insufficient evidence existed for separation of the spray 
alone, the preplant plus side dressing, or the topical in 


dicating that the additive benefits from the side dressing 


(alone or in combination with a preplant treatment) or 
the preplant treatment. 

On April 19, the effect of the preplant treatment was 
still noticeable when used in connection with an addi the outer (older) and the inner (younger) leaves of the 
plants regardless of treatment, indicating a general de 


were still being maintained. Aphids were found on both 


tional treatment (whether spray, side dressing or topical 
application). Side dressing and topical application again — pression of the toxie level of the systemic insecticide 
whether demeton or Di-Syston 


During the first week in May the dual treatments ré 


were not separable. The side dressing in combination with 
the preplant treatment was equivalent to the spray, but 
when used alone, while better than no treatment, was in mained superior to single treatments (except the spray 
ferior to the spray. Presumably the amount of toxicant — and single treatments were not separable with the excep 
available to the plants from the side dressing when added — tion that the spray still was separable from the side dress 
to that provided by the preplant treatment was enough ing as well as the preplant treatments, but not from the 


to reduce the aphid population to the level of that of the — topical. On May 10 the population was found to be de 


spray alone. At this time the sprayed toxicant may have — clining, and at this time all dual treatments were sepa 
begun to be absent in toxic levels from the newly develop rable from all single treatments. All treatments were 
ing leaves. The untreated plots became separable from — superior to the untreated. 
all treatments at this time and remained so for the rest of The results of the analysis of variance on the vields and 
the sampling period. During the last week in April, no — per cent sugar are given in table 4. Significant evidence 


significant evidence was obtained to separate any of the was found for separation of the treatments in terms of 
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Table 4.—Effect* of the application of various treatments applied to sugar beets during the spring of 1960 in Kern County, 








California. 
Factor TREATMENT? /MEAN 
Tons of heets per aere \ B I H I D G ( 
6.5 I8 1 1 2 3.3 29) 7 29.9 30.0 31.3 
Per cent sugar I ke H DD G \ ( B 
15.3 15.6 15.6 15.7 15.8 15.9 16.0 4 16.3 
Pons of sugar per acre \ ) B H LD D G ( 
$15 $45 £. 5+ +. 54 4.63 +. 70 1.70 5.00 
* Means connected by a common underline are not statistically separable at the 5°) level 
Ihe letters denoting treatments are the same as used in connection with table 
One of the 4 sugar values in one replication was equal to 22.4°¢ which was considered to be abnormally high. A test of the outlying value was made using the 
formula s.s.. s.s.=0.0043. The 1° level of significance for N =4 for the ratio of the two sums of squares is equal to 0.01, Thus the analysis of variance was made 
ising the mean (15.9) of the other three subsample values available for this plot and an additional degree of freedom was subtracted from the error term. 


tons of beets per acre, but not for per cent sugar. The un 
treated plots and those which had but a single preplant 
treatment of Di-Syston were inferior to all others. An in 
crease in yield was obtained with the combination of a 
preplant treatment plus one application of a demeton 
spray. However, the demeton spray alone was not equal 
to a single topical application of Di-Syston granules. 
Finally in terms of tons of sugar per acre, again the best of 
Di-Syston treatment 
followed All other treatments, 
whether single or in combination with a preplant treat 


the treatments was the preplant 
with a demeton spray. 
ment, were not separable. However, any treatment was 
better than none. 

Again, as in previous work (Sylvester ef al. 1959), it 
was not possible to conclude that the beneficial effect of 
increasing the sugar beet yields by the use of one or two 
applications of a systemic insecticide was caused by the 
control of the spread of the beet yellows diseases viruses. 
The possibility still remains that the application of chem- 
icals such as demeton and Di-Syston, with or without the 
presence of aphids and or yellows viruses, would result in 
increased yields. 

However, since a single treatment appears to be eco 


Our First Decade with the 


Curtis W. Sasrosky, Entomology Research Division, 


ABSTRACT 


\ year by-vear documentation of the 1951-60 history of the 


face fly (Musca autumnalis DeGeer) in North America is pre- 
sented. It is apparently an immigrant species, from the lack of 
authentic early records and the recent spreading throughout 


northeastern United States and southeastern Canada 


The reconstruction in later years of the early history 
of the spread of an immigrant species is often difficult and 
time consuming, or even impossible. At the present time, 
only 10 years after the first authentic record of Musca 
autumnalis DeGeer in North America, a documentation 


nomically feasible, the possibility of controlling the virus 
yellows disease complex may be broadened to include a 
potential pesticide program. In Kern County the situa- 
tion has steadily improved since the disastrous years of 
1957 and 1958. At least three factors have contributed to 
the general improvement: 1) the use of the beet-free 
period, 2) the decreasing interval between planting and 
harvesting, and 8) the generally lighter aphid populations 
in the spring. It remains to be seen when and if it will be 
necessary to apply a pesticide. If such were needed, it 
would seem that the uncertainties involved in the time of 
its application and in the rate of aphid development would 
generally preclude using either a preplant or a side dress- 
ing treatment. 


REFERENCES CITED 
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Face Fly, Musca autumnalis' 


tyric. Res. Serrv., U.S. Department of Agriculture 
of its first recorded decade in the Western Hemisphere 
is appropriate. 

This review of the spread of Musca autumnalis is, of 
course, for at least most of the decade, an outline of the 
sequence of collecting records. Chance played a large part 
in man’s encountering, collecting, and submitting for 
identification the samples that are now pieced together to 
give an approximation of the spread of the insect. Once 
the fly had attracted attention as a serious pest, entomol- 
ogists were alerted in States not yet known to be invaded, 


and their surveys and discoveries in the last year or two 
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Table 3.—Aphid population developing on sugar beets with various pesticide applications in Kern County, California, dur- 


ing the spring of 1960. 





No. PLANTS 
SAMPLED Dart 


February 


TREATMENT’/MEAN APHIDS PER PLAN1 








160 23 \ B 
0.00 0.00 
March 
160" l \ B 
0.00 0.00 
160 8 B \- 
0.00 0.01 
160 15 B \ 
0.02 0.04 
160 ”) B Ie i \ 
0.92 O24 0.71 1.11 
April 
a t ( F DD I G B H \ 
0.95 O.71 1.58 1.90 2.38 2? 6.86 10.67 
HW) 12 ( 1) I G ki B I \ 
0.26 O.74 1.30 > (4 >.13 6.19 7.06 14.68 
HO) 19 ( l IF D G B IH \ 
87 i.85 8.39 S.40 11.66 19.28 23.560 53.42 
bO 26 ( 1) KF I G I B \ 
5.84 6.10 10.30 10.50 20.82 30.70 $5.30 83.60 
May 
1 3 k ( D I G G HH \ 
7 OS 9 30 11.20 16.00 25.78 39.77 1196 165.70 
1) 10 3.75 +76 5.40 12.31 13.69 13.99 19.17 S4.27 
* The treatments were \) untreated; (B) Di-Syston preplant (1.85 pounds acre applied January 23-24 () preplant +demeton spr S ounces acre in 44 
gallons of water, applied April 1 D) preplant +Di-Syston topical application of granules (1.03 pounds acre applied April 2 kK) preplant + Di-Syston side 


dress application, one chisel per row, 7 inches to side, 5 inches deep (1.03 pounds 


topical application, applied as above; and (H) Di-Syston side dress 
» Geometric means connected by a common underline are not statistically sepa 
© Sampling mistakes resulted in the following N values for: March 1, B=159 


preplant treatment. By the following week (April 12). the 
effectiveness of the preplant treatment was still evident, 
but now only in association with an additional treatment. 
The spray and topical applications (G) were not separa 
ble, but the topical was somewhat inferior to the spray 
as indicated by its failure to hold the population at a 
measurably lower level than either the side dressing 
(alone or in combination with a preplant treatment) o1 
the preplant treatment. 

On April 19, the effect of the preplant treatment was 
still noticeable when used in connection with an addi 
tional treatment (whether spray, side dressing or topical 
application). Side dressing and topical application again 
were not separable. The side dressing in combination with 
the preplant treatment was equivalent to the spray, but 
when used alone, while better than no treatment, was in 
ferior to the spray. Presumably the amount of toxicant 
available to the plants from the side dressing when added 
to that provided by the preplant treatment was enough 
to reduce the aphid population to the level of that of the 
spray alone. At this time the sprayed toxicant may have 
begun to be absent in toxic levels from the newly develop 
ing leaves. The untreated plots became separable from 
all treatments at this time and remained so for the rest of 
the sampling period. During the last week in April, no 
significant evidence was obtained to separate any of the 


vcre, applied March 16 IF) demeton spra ipplied as above; (G) Di-Svstor 


ipplied as above 


ible at the 5° level 


April 4, B and I 9: April 12, ¢ 39; April 26, A, D, and G=39 


preplant treatments when used in combination with an- 
other treatment, but all of these were separable from a 
single treatment either in the form of a preplant treat 
ment or as a side dressing. Dual application of toxicants, 
either as a spray or as a topical application, was superiot 
to a topical application alone, but not to the single spray. 
Insufficient evidence existed for separation of the spray 
alone, the preplant plus side dressing, or the topical in 
dicating that the additive benefits from the side dressing 
were still being maintained. Aphids were found on both 
the outer (older) and the inner (vounger) leaves of the 
plants regardless of treatment, indicating a general de 
pression of the toxic level of the systemic insecticide 
whether demeton or Di-Syston 

During the first week in May the dual treatments r 
mained superior to single treatments (except the spray 
and single treatments were not separable with the excep 
tion that the spray still was separable from the side dress 
ing as well as the preplant treatments, but not from the 
topical. On May 10 the population was found to be de 
clining, and at this time all dual treatments were sepa 
rable from all single treatments. All treatments were 
superior to the untreated. 

The results of the analysis of variance on the vields and 
per cent sugar are given in table 4. Significant evidence 
was found for separation of the treatments in terms of 
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Table 4.—Effect* of the application of various treatments applied to sugar beets during the spring of 1960 in Kern County, 








California. 
Facror Trearment’/MEAN 
Tons ot heets per acre \ B Ik I I I) G ( 
5 28.1 9.2 29.3 29.7 29.9 30.0 31.3 
Per cent sugar I K H D G \ ( B 
15.3 15.6 15.6 18.7 15.8 15.9 16.0 16.3 
Tons of sugar per acre \ y B I I D G ( 
15 $.45 £4 £54 +.63 +. 70 $.70 5.00 
* Means connected by a common underline are not statistically separable at the 5°) level 
lhe letters denoting treatments are the same as used in connection with table 
One of the 4 sugar values in one replication was equal to 22.4°¢ which was considered to be abnormally high. A test of the outlying value was made using the 
formula s.s..s.s. =0.0043. The 1°) level of significance for N =4 for the ratio of the two sums of squares is equal to 0.01, Thus the analysis of variance was made 
ising the mean (15.9) of the other three subsample values available for this plot and an additional degree of freedom was subtracted from the error term, 


tons of beets per acre, but not for per cent sugar. The un 
treated plots and those which had but a single preplant 
treatment of Di-Syston were inferior to all others. An in 
crease in yield was obtained with the combination of a 
preplant treatment plus one application of a demeton 
spray. However, the demeton spray alone was not equal 
to a single topical application of Di-Syston granules. 
Finally in terms of tons of sugar per acre, again the best of 
the treatments was the preplant Di-Syston treatment 
followed with a demeton spray. All other treatments, 
whether single or in combination with a preplant treat 
ment, were not separable. However, any treatment was 
better than none. 

Again, as in previous work (Sylvester ef al. 1959), it 
was not possible to conclude that the beneficial effect. of 
increasing the sugar beet vields by the use of one or two 
applications of a sy stemic insecticide was caused by the 
control of the spread of the beet vellows diseases viruses. 
The possibility still remains that the application of chem 
icals such as demeton and Di-Svston, with or without the 
presence of aphids and or yellows viruses, would result in 
increased yields. 

However, since a single treatment appears to be eco 


Our First Decade with the 


Coertis W. Sasrosky, Entomology Research Divis 


ABSTRACT 
\ year-by-year documentation of the 1951-60 history of the 
face fly in North America is pre 


sented. It is apparently an unmigrant species, from the lack of 


Vusca autumnalis DeGeer 


authentic early records and the recent spreading throughout 


northeastern United States and southeastern Canada 


The reconstruction in later years of the early history 
of the spread of an immigrant species is often difficult and 
time consuming, or even impossible. At the present time, 
only 10 years after the first authentic record of Musca 
autumnalis DeGeer in North America, a documentation 


on, Agric 


nomically feasible, the possibility of controlling the virus 
vellows disease complex may be broadened to include a 
potential pesticide program. In Kern County the situa- 
tion has steadily improved since the disastrous years of 
1957 and 1958. At least three factors have contributed to 
the general improvement: 1) the use of the beet-free 
period, 2) the decreasing interval between planting and 
harvesting, and 3) the generally lighter aphid populations 
in the spring. It remains to be seen when and if it will be 
necessary to apply a pesticide. If such were needed, it 
would seem that the uncertainties involved in the time of 
its application and in the rate of aphid development would 
generally preclude using either a preplant or a side dress- 
ing treatment. 
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of its first recorded decade in the Western Hemisphere 
is appropriate. 

This review of the spread of Musca autumnalis is, of 
course, for at least most of the decade, an outline of the 
sequence of collecting records. Chance played a large part 
in man’s encountering, collecting, and submitting for 
identification the samples that are now pieced together to 
give an approximation of the spread of the insect. Once 
the fly had attracted attention as a serious pest, entomol- 
ogists were alerted in States not yet known to be invaded, 
and their surveys and discoveries in the last year or two 
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of the decade may come closer to reflecting the natural 
spread and distribution. This situation should also be true 
for the future. The inherent error is mitigated somewhat 
by listing the actual dates of collection, rather than the 
dates of identification and publication. Most of the speci- 
mens upon which the initial State records were based were 
identified or confirmed by me. Records without references 
are previously unpublished. Canadian records have been 
added from the literature, or from correspondence, to give 
a more complete picture for the American Continent. 

Earty Recorps.—It has been thought possible that 
the species is not a recent immigrant but has actually 
been in northeastern North America for at least a cen- 
tury. This idea no doubt rests on two published records, 
but neither survives critical scrutiny. In 1849, in his “List 
of the Dipterous Insects in the British Museum,” Francis 
Walker recorded a male of Musca corvina Fabricius (now 
a synonym of autumnalis) from Nova Scotia, from the 
collection of a Lt. Redman. Presumably the bare listing of 
corvina by Walker (1871) is only a repetition of the 1849 
record. Since the 1952 record of autumnalis was also from 
Nova Scotia, one can understand that the earlier record 
should be considered significant. In 1960, Mr. H. Oldroyd 
and I searched the collection of Musca at the British 
Museum (Natural History) in London, and found what is 
almost certainly the original specimen of the Walker 
record, a male labeled ‘““Nova Scotia” and ‘*Redman,” 
with an old Museum accession number. It is a dark Musca 
domestica! The second old record is in the first chapter of 
L. O. Howard’s famous book, ““The House Fly” (1911 
in which he quotes information furnished by the well- 
known dipterist, D. W. Coquillett. After describing the 
ordinary house fly, .Wusca domestica, Coquillett stated: 
“We have, in this country, a species agreeing with it even 
in regard to the.two characters given... . Lrefer to Musca 
autumnalis DeGeer* (*The Musca corvina Fabricius, 
Jo) Sere futumnalis, like its near relative, is almost 
cosmopolitan, but appears to have been rarely met with 
in this country” (pp. 4-5). The omissions are descriptive 
details that will accurately distinguish the two species. 
However, the only determination of corvina by Coquillett 
in the collection of the U. S. National Museum, from 
Cuba, is merely a dark domestica, and no old North 
American specimens of true autumnalis (corvina) have 
been found in collections. I conclude that Coquillett did 
not know the true autumnalis, and based his note of its 
rare occurrence in large part on the Walker record, now 
shown to be erroneous. 

It is reasonable to suppose that Musca autumnalis was 
somehow transported here from Europe. The typical 
subspecies with which we are concerned is widespread 
in the Palaearctic Region, extending throughout Europe, 
across Siberia to Korea, northern China, and northern 
India, in Asia Minor, and in northernmost Africa. Other 
subspecies, with restricted ranges, are known in Kenya 
and Uganda, 

No one knows when Musca autumnalis actually arrived 
in North America. The time lag before discovery and 
identification of an invader may be short or it may be 
long. The Japanese beetle (Popillia japonica Newman) 
discovered in a New Jersey plant nursery in 1916 prob- 
ably arrived from Japan in 1911 in a shipment of plant 
material. The European corn borer (Pyrausta nubilalis 


June: Ohio (Wayne Co 
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(Hbn.)) is believed to have been here only a few years 
before it was noticed. On the other hand, if an insect is 
slow to build up conspicuous populations, or escapes 
notice amid those of well-known insects, or arrives in an 
area unfavorable to it, the lapse of time before discovery 
may be greater. 

The known history of autumnalis in North America 
began in 1951-52, although that information did not 
appear in print until November of the following year. The 
first definite record was based on specimens collected in 
Nova Scotia in September, 1952, in a church where the 
flies were stated to have been abundant “for more than a 
year,” and “each week hundreds of the flies were swept 
up.”’ (Vockeroth, 1953: 422). 

Yrar-BY-YEAR Recorps. 
ensuing decade is a scattering of records in a few areas 


The general picture of the 


during the first 6 years, more frequent records in a still 
rather limited northeastern region for 2 years, and a 
break-out and rapid spread in the Midwest in the last 2 
vears. Possibly the real “explosion” came in 1957-58; in 
southern Ontario the species Was W idely recorded in 1958, 
though scarcely noticed in the United States. The yvear- 
by-yvear picture of the spread of autumnalis is as follows 

1951——Nova Scotia (Middleton). 
but no specimens preserved; the flies were reported abun- 


Presumed present, 


dant in the same church for more than a year preceding 
the first identified collection in September 1952 (Vocke- 
roth, 1953: 422). 

1952— Nova Scotia (Middleton). First identified North 
American specimens collected in September (Vockeroth, 
1953: 422; MacNay, 1953: 69). 

1953-—Nova Scotia (Yarmouth, Kentville) (Fox & 
Neary, 1954: 108). New York (Riverhead on Long Island). 
First U.S. record, in September by H. C. Huckett on the 
window of his home (Vockeroth, 1953: 422). 

1954-—No records known to me. 

1955--Nova Scotia (Truro) (MacNay, 1955: 270). 
New Brunswick (St. Andrews, males sighted) (Vockeroth, 
in litt.). Ontario (Ottawa, Oct.) (Vockeroth, in litt.). 
Maine (western, on U.S. Route 2) (Vockeroth, in litt.). 

1956— Quebec (Montreal, August, coll. W. L. Downes, 
Jr.; Mt. Tremblant, August, coll. Ernestine Thurman). 
New York (Oswego Co., as pres of Bembia pruinosa Fox 


(Sabrosky, 1957: 347) 


1957—Quebee (Bedford (MacNay, 1957: 267). Prince 
Edward I. (Charlottetown) (MacNay, 1957: 270). New 
Brunswick, (St. Andrews, abundant, coll. G. E. Shewell 


(Vockeroth, in litt.). Ontario (20 miles north of Kingston, 
and Ottawa) (Vockeroth, in litt.). New York (Ithaca, 
April, in house with cluster flies) (Sabrosky, 1959: 6). 
1958—Quebec (Huntingdon) (MacNay, 1959: 248). 
Ontario (Ottawa, Stratford, Guelph, ete.) (MacNay, 
1958: 294). Virginia (Leesburg, Dec.; Hillsboro, Dee. 
Jan.) (Sabrosky, 1959: 6). Ohio (Wooster, observed on 
cattle, but not collected for identification until the 1959 
season) (U.S. Agricultural Research Service, 1960: 100). 
1959——Numerous reports throughout the fly season, 
with first collections as follows (U.S. Agricultural Re- 


search Service, 1959 


also published by Sabrosky, 1959; 
1030). Indiana (Randolph Co., June 3; Wayne Co., June 
18). Illinois Champaign Co., June 3). 
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Pennsylvania (Freeport, and Washington Co.). Michigan 
8 miles north of Midland). 

Aug: New Hampshire (Durham). Vermont (Tunbridge, Al 
Hampshire Co.). New Jersey 
Delaware (New- 


July: 


burg Massachusetts 

New Brunswick, and Hunterdon Co 

ark). West Virginia (Braxton Co 
Sept.: Wisconsin (Dane Co 

There were also additional records from Maine, New 
York, and Virginia. Some State surveys turned up many 
records, e.g., 53 counties in the northern two-thirds of 
Illinois, and nine counties in southern Michigan. 

In Canada, there were records from additional localities 
in Quebee and southern Ontario (MacNay, 1959: 248, 
1960: 59), 
in many widely separated areas” of Ontario (Goble, 
1960: 51 

1960—— More records were reported from the infested 


and a report of increase to “extreme numbers 


northeastern region, including first State records from 
Maryland (Garrett Co., May 6) and Connecticut (various 
towns, June 15). The following extensions of range are of 
note (U.S. Agricultural Research Service, 1960, except 
for Kentucky record 


Jan Iowa (Louisa Co., in home Jan. 15; by the end of the 
year, reported from 29 counties 
June: Tennessee (Johnson Co., in northeast corner of State 
June or July: Missouri (Marion, Knox, and Scotland Counties 
in the northeast; other counties recorded later in the sea 
son 
July: North Carolina, (Ashe, Alleghany 
in northwest). Kentucky (Alexandria and Owenton 
io: Wisconsin (Grant and Lafayette Counties, in southwest 
Minnesota (Fillmore and Olmsted Counties, in south- 
east Nebraska 
southeast 
Sept.: North Dakota (Case Co. near Fargo 
Oct.: Kansas (Marshall Co 


. and Surry Counties, 


- 


Douglas and Lancaster Counties, in 


The present reported distribution may be summarized 
as follows: 

Canada: Nova Scotia, New Brunswick, Prince Edward 
Island, southern Quebec, eastern and southern Ontario 
west to Lake Huron. 

United States: 26 States, approximately the northeast 
ern fourth of the country, with the limits of distribution 
including the southern half of the Lower Penisula of 
Michigan, southern Wisconsin and Minnesota, eastern 
North Dakota, eastern Nebraska, northeastern Kansas, 
northern Missouri, northern tip of Kentucky, West 
Virginia, a few counties in northeast Tennessee and 
northwest North Carolina, and western and northern 
Virginia. Maps showing the distribution in the United 
States for 1959 and 1960 (lacking the Kentucky record 
noted above) and a complete map for 1960 were pub 
lished in the Cooperative Economic Insect Reports of 
Feb. 19 and Oct. 28, 1960, and March 3, 1961 (10: 100, 
1,043; 11: 248). The Canadian distribution was shown in 
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a map in the Canadian Insect Pest Review for July 1960 
(MacNay, 1960: opposite 186; reprinted Oct. 28, 1960 in 
Coop. Econ. Ins. Rept., 10: 1,042). 

Conciusions.—It seems clear that Musca autumnalis 
is an immigrant species, and perhaps a relatively recent 
arrival, for the following reasons: 

(1) Old North American records of autumnalis, or of 
the synonymous name corvina, are now known to repre- 
sent dark examples of Musca domestica. 

(2) No specimens of true qutumnalis have been found 
in old collections from North America. 

(3) The habits of the adults are so striking that the 
species would not have escaped notice for long, had it 
been present in former years. 

(4) The picture of its spread agrees well with those of 
past introductions of such species as the imported cab- 
bage-worm, Pieris rapae (Linnaeus) (cf. Elton, 1958, 
“The Ecology of Invasions by Animals and Plants’’). 

A brief summary of the economic importance, dis- 
tribution, life history and habits, description of all stages, 
and figures of the adult male and female appeared in the 
Cooperative Economic Insect Report for July 31, 1959 
(9: 719-720). Characters for separating Wusca domestica 
and M. autumnalis were stated and figured by Sabrosky 
(1959¢). The life history and habits were reviewed at some 
length by Teskey (1960), with a useful list of references. 
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Effect of Methyl Bromide and Hydrocyanic Acid Fumigation 
on the Germination of Corn Seed! 


R. G. Strong and D. L. Linparen, University of California Citrus Experiment Station, Riverside 


ABSTRACT 


Two varieties of corn seed with a graded moisture range of 
9%, 11%, 138%, and 15% were fumigated with methyl bromide 
and hydrocyanic acid in 100-cubic-foot gas-tight chambers. Ex- 
posure periods, dosages of fumigant applied, and temperatures 
during fumigation were varied. One-half of the fumigated sam- 
ples of seed received one fumigation; the others were fumigated 
twice. 

Under the conditions of these studies germination of corn 
seeds of 138% moisture content or lower was not seriously im- 
paired by hydrocyanic acid when seeds were thoroughly aerated 
before planting. Injury from damp storage was observed in 
germination tests with unfumigated control samples of 15% 
moisture content. Reduced percentages of germination and live 


Extensive investigations on the effect of fumigation on 
the germination of seeds were undertaken as part of the 
research program on the khapra beetle, Trogoderma 
granarium Everts, because of the possibility of injury to 
seeds during fumigation for the eradication of this storage 
pest. It is the purpose of this paper to summarize results 
from germination tests with corn which was exposed to 
methyl bromide and hydrocyanic acid under various 
controlled conditions and to evaluate several factors 
which may influence the germination of seed corn exposed 
to these two fumigants. Studies with corn seed are an 
obvious extension of previous work with other cereal 
grain seeds (Strong & Lindgren 1959a, b, ¢, d). 

MATERIALS AND Mrruops.—- Preparation of Seed Sam- 
ples.—The initial moisture content of seeds of the two 
varieties of corn used in this study was as follows: North- 
rup King Doublecross KS 6 (hereafter referred to as 
KS 6)—9.3%, and DeKalb 459 (hereafter referred to as 
$59)—8.9%. The moisture content was determined with 
a Steinlite 400 G moisture tester. 

Careful adjustment of moisture and conditioning of 
seeds was required to obtain samples approaching the 
desired graded moisture range of 9°, 11%, 1807, and 
15%. Water was added to increase the moisture content 
as needed. When it was necessary to decrease moisture 
during the adjustment process, seeds were dried in nar 
row wire-screen containers placed in a forced-air oven 
maintained at 125° to 130° F. This temperature did not 
affect the germination of seeds which required drying. 
The moisture content of seeds before drying and the 
desired moisture level indicated the length of time seeds 
were to be held in the air-oven. None of the seeds were 
dried for periods longer than 1 hour. After drying or 
addition of water, seeds were conditioned in airtight 
polyethylene bags or sealed metal containers for 7 days 
at 50° F. Then seeds were blended and moisture tests 
were made to determine the need for additional moisture 
adjustments. 

When the moisture content of the seeds reached the 
desire.! level, samples were placed in small rough-woven 
cotten bags. Seeds were removed from these bags only 
for germination tests. Each cloth sample-bag of seeds was 


seeds were found at this moisture level after fumigation with 
hydroc van acid. 

Injury resulting from methyl bromide fumigations could be 
identified as retarded emergence and growth of roots and shoots 
in various degrees, ranging up to complete absence of germina- 
tion in some seeds. Dosages of fumigant applied, temperatures 
during fumigation, period of exposure, and moisture content of 
seeds were variables found to be most important in contributing 
to injury of seed corn from methyl bromide. Differences between 
varieties were attributed to seed quality rather than to true dif- 
ferences in varietal susceptibility to methyl bromide. Two fumi- 
gations resulted in lower percentages of germination than from 


one fumigation 


placed in an airtight polyethylene bag to prevent mots- 
ture changes. Prepared samples awaiting fumigation were 
held in storage at 50° F. 

Throughout this paper reference is made to the desired 
moisture contents of 9&7, 1107. 18° 7, and 15°. for 
convenience, The actual moisture content of seeds used 
8.9%, 
10.8%, 


was determined to be as follows: KS 6 corn 
10.9%, 12.8%, and 14.9%, and 459 corn— 9.0%, 
12.8%, and 15%. 
Fumigation of Seeds. 
storage and held at the desired fumigation temperature 


Test samples were removed from 


before removing polvethylene bags. Seeds of all four 
moisture levels were placed in wire baskets inside the 
fumigation chambers to be fumigated together. The 
baskets permitted thorough circulation of gases. All fumi 
gation experiments were conducted in 100-cubic-foot 
gas-tight chambers with continuous circulation of air 
within the fumatorium. Temperatures were thermo 
statically controlled at 50°, 70°, and 90° +1° F., but no 
aitempt was made to control humidity. Fumigations 
were replicated, 

The exposure periods, temperatures during fumigation, 
and dosages of fumigants applied are given in table 1. Two 
dosages of fumigant, one high and one low, were used 
throughout the study. Dosages were adjusted according 
to exposure periods and temperatures during fumigation. 
When the temperature was lowered, dosages usually were 
increased for an exposure period. As the period of ex 
posure was decreased, usually the dosages of fumigant 
were increased, 

Concentrations of fumigants were not measured for 
each dosage or exposure interval. However, typical curves 
for the fall in concentration of hydrocyanic acid and 
methyl! bromide are given in figure 1. These show the 
actual concentrations of fumigant within the chamber at 
various intervals after application as determined by the 
gas chromatographic methods described by Lindgren & 
Vincent (1959). 

All seeds received an initial fumigation. One-half of the 
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Table 1.—Exposure periods, temperatures, and dosages of 
methyl bromide and hydrocyanic acid used for the fumiga- 
tion of corn seed. 





TEMPERA DosaGces 
EXPOSURI rUnI 

FUMIGAN HOURS k Low High 
Methyl bromide 72 0 2.0 1.0 
70 1.5 3.0 
90 1.0 3.0 
tS 50 2.5 5.0 
70 2.0 £0 
90 1.5 0 
24 50 2.5 5.0 
70 0 5.0 
90 1.5 5.0 
S 50 3.0 6.6 
70 a.0 6.0 
oO Lo 5.0 
‘4 50 3.0 6.0 
70 3.0 6.0 
90) 3.0 6.0 
Hvydroevanie act 72 50 1.0 3.0 
70 1.0 2.5 
90 1.0 2.0 





Pounds per 1,000 cubic feet 


samples were refumigated 21 days after the initial ex 
posure. After fumigation and before repackaging in poly 
ethy lene bags, seeds were aerated for 24 or 48 hours. 
Seed samples were held in’ postfumigation storage at 
50° F. and removed only for germination tests. 

Germination Tests and Assessment of Results.—Some of 
the germination tests with seed corn fumigated with 
hydroeyanic acid were made with seeds planted in vermic 
ulite and held on greenhouse benches. In all other tests 
corn seeds were germinated at alternating temperatures 
of 68° and 86° F. in upright rolled-paper-towel substrata. 

Germination tests and seedling interpretations were 
made in accordance with regular methods of Official Seed 
Analysts (Assoc. Offic. Seed Analysts 1954) except seeds 
with obvious mechanical injury were not planted, and 100 
seeds were used per test for each treatment replicate. 
Unfumigated seeds served as control standards for com 
parison, 

The percentage of live seeds (normal and abnormal 
seedlings) and the percentage germination (normal 
seedlings) were the two criteria recorded for comparison 
of results. (See p. 141, U.S. Dept. Agric. Agricultural 
Handbook No. 30, 1952, for a description of normal and 
abnormal seedlings.) The distinction made between live 
seeds and germinated seeds or normal seedlings was 
considered important as in other investigations it) was 
found that fumigants may cause injury by retarding 
germination as well as destruction of germinative capacity 
(Cobb 1956, Lubatti & Blackith 1957, Strong & Lindgren 
1959a). 

RESULTS. 
this study was to evaluate the influence of several vari 


As mentioned previously, the purpose of 


ables on the germination of corn seed exposed to methy!] 
bromide and hydroeyanic acid fumigation. Variables 
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considered were as follows: (1) varietal susceptibility to 
methyl bromide and hydrocyanic acid, (2) moisture con- 
tent of seeds, (3) temperatures during fumigation, (4) 
dosages of fumigant, (5) periods of exposure to fumigant, 
and (6) repeat fumigations. Although more than 1,400 
germination tests of 100 seeds per test were made during 
the study, only a summary of data essential to the under- 
standing and discussion of variables investigated are 
presented in this report. 

Results from germination tests with control samples of 
the two varieties of corn are summarized in table 2 as the 
frequency at which percentages of germination occurred 
for each graded moisture range. These data indicate that 
germination was reduced after storage of corn seed with a 
mositure content of 15°. Lubatti & Blackith (1957) also 
found that high moisture levels were detrimental to the 
germination of seed corn. Of all the cereal seeds included 
in their tests, maize (corn) showed by far the greatest 
deterioration as a result of damp storage, and seemed to 
show some continued action of the methyl bromide in 
seed stored damp. 

Of the two varieties of corn used in the present study, 
159 seeds apparently were more sensitive to damp storage 
than KS 6. This should not, however, be attributed to 
varietal differences in susceptibility to moisture. Varia- 
tions in seed quality existed at the time of delivery as 
evidenced by official tagged germinations of 98% for the 
KS 6 variety and 90% for 459. Even these small differ- 
ences are sufficient to suggest that unknown factors 
affecting the quality of seeds were concerned and must be 
considered when comparing results from tests with the 
two varieties of seeds. 

Results from germination tests with fumigated seeds 
were corrected by extending the use of Abbott’s (1925) 
formula as previously described (Strong & Lindgren 
1959a 
mal seedlings) or of live seeds (normal+abnormal seed- 


The corrected percentages of germination (nor- 


lings) presented in this paper are based on 100% and were 
obtained by subtracting the corrected percentages of 
reduction in germination or of live seeds from this base. 
Vethyl Bromide Fumigation. 
two varieties of corn in susceptibility to methyl bromide 


Differences between the 


were observed in results obtained from germination tests. 
These were attributed to quality of seeds rather than to 
genetic variations for the same reasons given in the com- 
ments concerning differences in results from germination 
tests with unfumigated control samples of the two varie- 
ties of corn. Seeds of both were good but, of the two lots 
received for this study, one appeared to be more vigorous 
than the other. Although measurements were not made, 
seedlings of KS 6 corn seemed more vigorous than those 
of 459 in germination tests with unfumigated seeds, 
especially in tests with seeds of higher moisture contents. 
Cobb (1956) considered seed vigor as a possible important 
variable which may influence the germination of seeds 
exposed to methyl bromide. Later he (Cobb 1958) used 
poor quality feed corn in experiments with methy! 
bromide to test the effect of temperature because he 
expected differences to be more pronounced than with 
seeds of good quality. 

Differences in percentages of germination after fumiga- 
tion with methyl bromide were found between seeds of 
KS 6 and 459 corn, but the response of both varieties was 
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FUMIGATION TEMPERATURE 
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Fig. 2.—Corrected percentages of germination and live seeds of KS 6 corn after one and two fumigations with methyl bromide at 


various temperatures, dosages, and periods of exposure to fumigant 
Complete Bar = Live Seeds; Dark Portion =Germinated or Normal Seedlings 
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Table 2.—Frequency* at which percentages of germination 
occurred in unfumigated corn used as controls for compari- 
sons with seeds fumigated with methyl bromide and hydro- 
cyanic acid. 





Varrety or Corn 
KS 6 DeKalb 459 


Moisture Content (%) 
RANGE OF 


GERMINATION (%) © 11-18 18 > 1t.23 18 
96-100 60 59 60 34 60 60 59 17 
91-95 l 19 10 
86-90 t l 5 
81-85 $ 8 
76-80 11 
71-75 7 
66-70 2 





*® Expressed as the number of times in 60 germination tests for each moisture 


level. 


in the same order and trends indicated by the results 
obtained from germination tests were similar. For this 
reason only a summary of data from tests with KS 6 corn 
is given in this paper (fig. 2). Discussion of results sum- 
marized in figure 2 would be equally suitable for 459 corn, 
Obviously, presentation of results from germination tests 
with both varieties would not serve any particularly 
useful purpose. This conclusion is supported by the report 
of Lubatti & Blackith (1957) on germination tests follow- 
ing fumigation with methyl bromide, their suggestion 
that the main differences in the reaction of cereals to 
methyl bromide lie between the species, and that investi- 
gation of a wide range of varieties for each species is not 
an urgent task. 

Hydrocyanic Acid Fumigation.—_Exposure of KS 6 and 
459 corn seeds to one and two fumigations with 2 pounds 
of hydrocyanic acid per thousand cubic feet for 72 hours 
resulted in decreases in germination and live seeds which 
could be attributed to hydrocyanic acid fumigation 
(table 3). For this reason, both varieties of corn seeds 
were fumigated with hydrocyanic acid under all of the 
conditions given in table 1. Standard germination tests 
were made with seeds receiving one fumigation. The 
results obtained (table 4), 
samples of 159% moisture content, suggested continued 
interference of the fumigant. Finally, all seeds receiving 
one and two fumigations of hydrocyanic acid for 72 hours 


especially those with control 


at various dosages and temperatures were aerated for 3 
weeks, planted in horticultural grade vermiculite, and 
held on greenhouse benches for germination. Samples 
were planted in separate containers. Data obtained from 
assessment of germination tests at the end of 7 days as 
summarized in table 5 indicate that recognizable injury 
ranging from complete failure of some seeds to germinate 
to delayed emergence and growth of others was caused by 
hydrocyanic acid fumigation. The importance of certain 
variables in contributing to this injury will be discussed 
later. 

DISCUSSION OI 
Fumications.— Inherent difficulties are involved in sepa- 
rating factors for discussion and evaluation of their 
individual importance in contributing to injury of seeds 
fumigated with methyl bromide without complete isola- 


Resutts From Meruyt Bromine 


tion of each factor by controlling all other variables. This 
was not practical as it would have required extensive 
increases in the already large number of fumigation 
experiments and germination tests without an extensive 
gain in information. Besides, some variables--exposure 
period, temperature, and dosage—-are always considered 
together in fumigations for insect control because of the 
importance of their interactions. However, in planning 
the study an effort was made to allow opportunities for 
the isolation of variables to illustrate principles involved. 
The six variables considered in this study are listed and 
discussed separately; afterwards comments are made on 
the interaction of variables in contributing to the injury 
of corn seed from methyl bromide fumigation. 

Varietal Differences.—Karlier it was mentioned that 
differences found between KS 6 and 459 corn seed fumi- 
gated with methyl bromide should be attributed to differ- 
ences in seed quality. There was sufficient evidence 
collected from germination tests to illustrate that both 
varieties of corn seed responded similarly to methy! 
bromide fumigations although the degree of injury found 
varied between varieties. 

Moisture Content of Seeds. 
tests with KS 6 corn seed of a graded moisture range 
(9%, 11%, 18%, and 15%) following fumigation with 
methyl bromide show a decrease in percentages of live 


Results from germination 


seeds and germination with an increase in moisture con- 
tent (fig. 2). Several sets of data in figure 2 permit direct 
correlations between decreases in germination and live 
seeds with graded increases in moisture content. 

Period of Exposure to Fumigant..-A view of all the 
results presented in figure 2 is sufficient to show the 
importance of exposure to methyl bromide. As periods of 
exposure are decreased, most often with increases in 
dosages, germination increases. The importance of ex- 
posure is further emphasized by close examination of the 
data and comparing results from tests where, with the 
exception of exposure period, other factors remained 
constant. 

Temperature During Fumigation. Increases in tem 
perature resulted in decreasing percentages of germina 


Table 3.—Percentage germination of corn in relation to 
live seeds after one and two fumigations for 72 hours at 
90° F. with 2.0 pounds of hydrocyanic acid per 1,000 cubic 
feet. 





ONE FUMIGATION Two Fumications' 


Unfumi- Fumi- Unfumi Fumi 
Morsturi gated 
CONTENT OF 


SEEps (% 


gated gated vated 
Per cent Germination/Per Cent Live Seeds 


Variety KS 6 


9 100/100 98/99 100/100 93/99 
1] 100/100 95/99 98/100 85/97 
13 99/100 87/95 98/99 36/80 
15 97/99 53/88 95/99 11/61 
Variety 459 

9 97/98 81/95 99/99 65/89 

99/99 79/93 100/100 417/86 
: 95/98 62/90 92/95 24/73 
15 70/86 12/46 73/84 O/14 





* Average of four 100-seed germination tests 
© Average of two 100-seed germination tests 
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Table 4.—Percentage germination of corn in relation to live seeds after one fumigation with hydrocyanic acid for 72 hours 
his at three temperatures and varying dosages. 
ive 
ion FuMIGATION TEMPERATURE AND DosaGes IN Pounps/1,000 CuBic Fret 
ive ‘ Sai . 
50° F. 70° F. 90° F. 
Ire 
ed Morstrurt Control 1.0 3.0 Control 1.0 2.5 Control 1.0 2.0 
he CONTENT OF 
ng SreEps (%) Per Cent Germination/Per Cent Live Seeds , 
or Variety KS 6 
“al. 9 99/99 100/99 88/99 95/99 99/99 97/97 99/100 100/100 86/99 
nd 11 99/99 96/99 91/100 96/100 97/99 97/100 100/100 93/97 75/100 
a 13 97/98 96/97 97/89 98/100 91/96 93/99 99/100 90/100 60/93 
15 98/99 81/96 16/86 66/90 57/63 13/87 82/86 58/89 12/59 
ry Variety 459 
9 98/100 99/100 83/95 99/100 96/98 77/93 98/99 95/99 50/89 
at 11 100/100 99/100 93/97 100/100 98/100 74/92 97/98 95/100 36/92 
“ 100/100 86/92 66/93 100/100 92/96 59/85 100/100 73/93 10/71 
16 64/87 42/65 2/38 65/87 10/68 5/43 77/96 9/48 1/8 
ma 
Ce 
th 
y] tion and live seeds (fig. 2). This was expected as dosages of | dosage levels, one low and one high, were considered for 
id methyl bromide applied for insect control must be in- — each set of conditions involved in this study. Paired com- 
creased with lowering of temperatures. As seen in table 1, | parisons may be made between dosage levels from the 
n a logical selection of dosages was made with due consider results presented in figure 2 by examination of the data 
re ation for the interaction of temperature and dosage. An — for each of the three fumigation temperatures. The per- 
h effort was made, however, for the isolation of temperature centages of germination and live seeds of corn decrease 
, from other variables. Horizontal examination of results — with an increase in dosage of methyl! bromide when other 
¢ t . 
1- presented in figure 2 permits comparisons between tem- — variables remain constant. The interdependence of dosage 
t perature effects at the same periods of exposure, and, in and temperature, however, can be seen by a comparison 
r many instances, with the same dosages of fumigant. In — of results between temperatures. It is evident that an 
t . £ 
general, differences between results from fumigations at increase in dosage with a decrease in tempersture does 
e 50° F. and 70° F. are much greater than those between — not necessarily result in a decrease in the percentages of 
e 70° F. and 90° F. germination and live seeds. 
f Dosage of Fumigant.. Eradication programs require Repeat Fumigation._-The use of high dosages of methyl 
" somewhat higher than normal dosages of fumigant so two — bromide and long exposure periods are standard practices 
5 P P P . . ° e 
Table 5.—Percentage germination of seed corn thoroughly aerated and planted in vermiculite for greenhouse germination 
; tests after one and two fumigations with hydrocyanic acid for 72 hours at three temperatures and varying dosages. 
FuMIGATION TEMPERATURE AND DosaGes IN Pounbs/1,000 CuBic Fert 
0° | 70° F. 90° F, 
Morstrurt Control 1.0 3.0 Control 1.0 2.5 Control 1.0 2.0 
No. oF CONTENT OF 
FUMIGATIONS SeEps (% Per Cent Germination 
Variety KS 6 
I 9 95 96 99 99 98 98 96 98 100 
11 99 99 100 99 97 100 96 97 99 
13 100 97 96 100 97 97 99 93 958 
15 o4 y2 S4 93" 90) 77 Qo" sh" 86" 
) 9 100 97 97 97 99 97 99 99 97 
Il 99 98 100 100 98 97 98 98 97 
13 96 100 98 98 98 97 99 94 99 
15 93 86 614 928 $1" SO" 85" 83" 72" 
Variety 459 
l 9 96 98 98 97 89 98 95 99 96 
11 100 99 9S 95 OF 97 Ot 98 97 
13 96 Ts 05 Of 93 98 98 97 99 
15 S7" SO 78 7 Cif be = S1* 1} 66" 
) 9 100 100 99 100 QS 99 03 O38 OS 
11 100 99 08 100 99 06 90 99 y2 
5} OS 99 06 100 99 08 o4 97 93 
15 86 78" 76" 74 TR" TO" 75" 75" 67" 
* Delayed emergence and growth as compared with unfumigated control, or with other unfumigated controls 
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in the khapra beetle eradication program so that repeat 
fumigations are not required except under unusual cir- 
cumstances. Seed sanitation, however, may require more 
than one fumigation to prevent injury. For this reason the 
effect of repeat fumigation on the germination of corn 
seeds is an important variable to consider. It is obvious 
from the results presented in figure 2 that increased 
injury resulted from successive fumigations with methy] 
bromide, and it is apparent that repeated fumigations 
with methyl bromide would be detrimental to corn seed 
intended for planting. However, it is of interest to note 
that the response of corn seeds to two fumigations with 
methyl! bromide was generally in the same order as those 
exposed only once under the same conditions. 

Interaction of Variables.-Dosage, temperature, and 
period of exposure are inseparable variables in considering 
fumigations for insect control. Results presented in figure 
2 illustrate the interdependence of these factors and 
another, the moisture content of seeds, in contributing to 
seed injury from methyl! bromide fumigation. In studies 
on the effect of methyl bromide fumigation on the 
viability of seeds of several cereal grains, Whitney ef al. 
(1958) observed that the margin of tolerance usually 
existing between dosages of methyl bromide required for 
insect control and those which are lethal to high quality. 
dry seeds is dependent upon the complex interaction of 
several variable factors. 

Discussion oF Resutts From Hyprocyanic Acip 
FumiGcations.—It is apparent from the data presented in 
table 2, summarizing results from unfumigated control 
samples of corn seed, that damp storage was injurious to 
the seeds. An examination of results given in tables 3, 4, 
and 5 is sufficient to indicate the influence of moisture 
content of seeds in contributing to seed injury from 
hydrocyanic acid fumigation. The severe injury found in 
standard seed germination tests made soon after fumiga 
tion with hydrocyanic acid (tables 3 and 4) was not ex 
pected as this fumigant has been considered relatively 
safe for seeds, but similar results were obtained re 
peatedly. Evidence that all of the fumigant had not 
escaped before conducting germination tests suggested a 
need for slight changes in test procedures. Seeds used in 
the final tests were aerated for 3 weeks, planted in horti- 
cultural grade vermiculite in individual containers for 
each sample of seeds, and held on greenhouse benches to 
germinate. Results given in table 5 indicate that seeds of 
13% moisture content or less were not seriously injured 
by hydrocyanic acid fumigation while some injury oc- 


curred in seeds of 15% moisture content. Since the latter 
moisture level is too high for safe storage of corn seed, it is 
concluded that hydrocyanic acid gas could be used safely 
for fumigation to prevent injury from insect infestations. 
However, seed corn probably should be thoroughly 
aerated after fumigation to remove all of the hydrocyanic 
acid from the seeds before planting or making official 
germination tests. 
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Stool Size as a Factor in the Sampling of Sugarcane 
Froghopper Nymph Populations’ 


D. W. Fewkes, Central Agricultural Research Station, Caroni Ltd., and Ste. Madeleine Sugar Co., Ltd., Waterloo, Carapichaima, 
Trinidad, West Indies 


ABSTRACT 


Sugar-cane stool size as measured by the number of stems is 
shown to be linearly related to the number of sugar-cane frog- 
hopper nymphs per stool (above ground and total populations). 
The regression of sample size on stool size is a positive one. This 
may be due to the increased area available for egg laying in 
larger stools than in smaller stools. Approximately 30% of the 
nymphs may occur below ground. Sampling in field trials of 
insecticides for froghopper nymph control should be improved by 
taking into account stool size and below ground nymph popula- 
tions, although the measurement of the latter factor is rather 
laborious, and is unlikely to prove practical 


The sugarcane froghopper, leneolamia varia saccharina 
Distant (Homoptera, Cercopidae), is the major pest of 
sugarcane in Trinidad. The biology of this insect is dealt 
(Williams but 


briefly here. The eggs are laid mainly in soil at the base of 


with elsewhere 1921), and is deseribed 
the cane stools. Nymphs hatching from these eggs feed on 
sap from the cane roots. There are five nymphal instars 
(Fewkes 1960a). The adults feed on the sugarcane leaves, 
causing “blight,” a browning and destruction of photo- 
synthetic area which may result in stunting of the cane 
plant and a consequent reduction in final yield of sugar. 

Froghopper is usually controlled chemically in’ the 
nymphal stage by application of insecticidal dusts to the 
base of the cane stools (Blackburn 1949, Potter & Car 
rington 1949). Every year, a full program of insecticide 
trials is carried out by the sugar companies. In these 
trials it is important to be able to sample froghopper 
nymph populations accurately in order to test and com 
pare the effectiveness of insecticides in the field. The cane 
stool has usually been used as a sampling unit for nymph 
populations without paying regard to variation in its size 
(Blackburn 1949, Potter & Carrington 1949, Neate 1957, 
Merry ef al., in press). Where a large number of stools is 
sampled at random, or in fields where there is not much 
variation in stool size, this may not be of great impor 
tance, as an estimate of the number of nymphs per aver- 
age stool will result. However, there is usually consider- 
able variation in stool size, and it is usually impractical 
to count a large number of samples, for example in an in 
secticide trial with several different treatments. The re 
sults here presented indicate that stool size may account 
for some of the variation normally attributed to experi- 
mental error in such trials. 

Mrruop. 
as a measurement of stool size. A preliminary survey on 
November 10, 1959 indicated that the mean number of 
stems per stool in the field under observation (Waterloo, 
Estate 44, first ratoon, variety B 41227, reaped De 
cember 20, 1958) was approximately 17 (2 to 32 in 100 


The number of stems per stool was taken 


stools). Two categories of stool size were adopted for 
sampling purposes; (a) 11 to 20 stems, and (b) 21 to 30 
stems. Samples were taken at random within these ranges 


on 18 occasions, at 1- to 4-day intervals, over the period 
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November 11 to December 23, 1959. On the first four oc- 
casions four stools were sampled, two in each category. 
After this, one stool in each range was sampled on every 
occasion. Total samples were‘always taken by digging up 
the cane stools. The above-ground nymphs were kept 
separately from those found below ground. All specimens 
were collected into a preservative fluid (70% alcohol in 
water), and brought into the laboratory for counting. 
Resuuts.-The results pertinent to the present anal- 
ysis are given in table 1. It is of interest to note that 6% 


Table 1.—Results of sampling program for froghopper 
nymphs November 11 to December 23, 1959. 





NUMBER OF NYMPHS PER . ; 
POPULATION 





SToOoL STOOL Siz rm 
REND (DAYS 
(NUMBER OF 41 SINCE 
(b Above STEMS) Ree : 
(a) Total Cees FIRST SAMPLE) 
366 274 25 l 
587 184 29 l 
244 Is] 4 l 
131 123 15 l 
$51 340 ? 3 
516 369 25 3 
195 164 16 3 
85 105 12 3 
208 158 28 7 
500 315 2-4 7 
72 114 14 7 
179 106 17 7 
289 184 26 10 
519 279 30 10 
193 123 15 10 
190 109 12 10 
136 292 25 14 
104 150 12 14 
306 246 26 16 
176 113 14 16 
282 194 25 17 
176 111 13 17 
282 190 24 20 
196 114 16 20 
241 154 25 22 
151 99 12 22 
349 240 28 24 
202 123 17 24 
241 170 a) 27 
149 117 15 27 
153 114 25 29 
97 56 14 29 
36 29 Is 31 
12 9 16 31 
111 74 24 34 
61 39 16 34 
111 66 26 36 
63 37 16 36 
91 5S 23 38 
a) 32 1] 38 
Ot 6S 24 1 
39 25 17 4] 
63 47 26 43 
Si 42 15 13 
Accepted for publication February 23, 1961 
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to 46% of the nymphs (mean 31%) occurred below 
ground. The majority of these nymphs were found in the 
top 2 inches of the soil. 

Two main factors appear to affect sample size; the 
population level and the size of stool sampled. The sam- 
ples were taken over a period of time when the nymph 
population was decreasing. The decrease was a steady 
one, and approximately linear with time. Thus the effect 
of population level on sample size may be largely elim- 
inated by including the population trend as a factor in the 
analysis. This factor is expressed as time in days plus one 
from the first sampling date. Assuming that the relation- 
ship between number of nymphs per stool and stool size 
as measured by the number of stems supported is also 
linear, the regression equation, 

y=athary + boar 
will be descriptive of the sampling results, where: 


y=number of nymphs per stool 
a=a constant 
2}, ®=deviations of the independent 
X.=population trend) from their 


variables (CY, 
=stool size, 

mean values 

b,, bo =regression coefficients of Y on X; and NX». 


The regression equation set out above does in fact provide 
a good fit for the sampling data. Values were calculated 
for the regressions of nymphs per stool ((a) total, and (b) 
above ground) on number of stems per stool (Y,) and the 
population trend measured as time in days plus one from 
the first sampling date (Y2). The method of calculation 
was that described by Fisher (1958). All calculations were 
made to six significant figures. The final figures are given 
to two places of decimal. 


(a) Regression of Y; (total number of nymphs per stool 

X, (stool size) and YX» (population trend). 
y= 212.34-412.04 (2,—20.09) —7.21 (a2—19.73 

b, = 12.04 (standard error +2.05 

b.= —7.21 (standard error +0.91 


The regression accounts for 70.44% of the total variance; 
stool size for 24.779, population trend for 45.67°%. 


(b) Regression of Y» (number of nymphs above ground 


per stool) on XY, and XY» (as above). 

Yo2= 146.30+8.66 (2, — 20.09) — 5.26 (2r2— 19.73 
b, =8.66 (standard error + 1.46 
bo= —5.26 (standard error + 0.64) 


The regression accounts for 71.35°% of the total variance; 
stool size for 24.6797, population trend for 46.689, 

In both cases the regression is highly significant for 
both independent variables, combined and separately 
(p <0.001). The proportions accounted for by stool size 
and population trend are approximately the same for 
above ground and for total sampling. After elimination of 
the population trend, stool size accounts for approxi- 
mately 50° of the sampling variance. Thus on a single 
sampling date, consideration of stool size may lead to a 
very considerable reduction in error. 

Discussion. The results show that there is a simple 
linear relationship between the number of nymphs per 
stool and stool size in the range 10 to 30 stems. The rela- 


¥ JOURNAL OF Economic ENTOMOLOGY 


Vol. 54, No. 4 
4 + 


tionship appears to hold true for a wide range of popula- 
tion levels (approximately 60 to 500 nymphs per stool), 
The slope of the regression line will probably vary from 
field to field with ecological factors such as spacing of the 
cane stools, growth habit of the cane variety, and growing 
conditions, e.g., soil type, drainage. A similar analysis of 
more recent observations (Fewkes 1960b) tends to con- 
firm the existence of the linear relationship. 

The reasons for the linear relationship observed are not 
certain. Assuming that eggs are laid at random (that is, 
that ovipositing females do not specially choose any stool 
for deposition of eggs), the number of eggs laid around a 
stool would be expected to depend on its size, because (a 
a large stool is likely to support more adults than a small 
stool because of its greater leaf area, and (b) there ts a 
larger area suitable for egg laying in a large stool than ina 
small stool. 

The results suggest that an improvement in the accu- 
racy of sampling should result from taking into considera- 
tion the size of each cane stool sampled. Samples could 
then be adjusted, prior to analysis, to a standard size, 
such as nymphs per stem or nymphis per “average” stool 
based on a series of stem counts over the period of the ex- 
periment. Another method of eliminating the variation 
due to stool size, at least in part, would be to place a re- 
striction on the size of stool sampled. This should also be 
based on surveys of stool size throughout the experiment. 

In most insecticide experiments aimed at nymph con- 
trol, only those nymphs occurring above ground are 
counted. This is obviously not so satisfactory as total 
sampling, but the extra time and labor involved make 
total sampling impractical in a full program of experi- 
ments. The proportion of ny mplhs occurring below ground 
may vary with soil conditions. Williams (1921) states 
that “in well broken soil the greater number seem to be at 
a depth of from two to four inches...” Thus the rela- 
tive importance of the below ground population may 


vary from one location to another. 
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The ‘Toxicity of Enzyme Fractions of Bacillus larvae! 


N. G. Pare. and L. K. Curkomp, University of Minnesota, St. Paul 1 


ABSTRACT 


A crude extract from the causal disease organism of American 
White), is tonic 
honey bees Apis mellife ra iP 6 house flies Musca domestica A ’ 
milk weed (Oncopeltus fasciatus (Dallas)), hide beetles 
Dermestes DeGeer), and 
cockroaches (Pert planeta americana (L 


foulbrood, Bacillus larvae when injected to 
bugs 
maculatus American and German 
and Blattella germanica 
L.)). Oral toxicity was evident only to larvae, prepupae and 
adults of honey bees. Three proteolytic enzyme fractions were 
separated from the crude extract. One fraction, termed III, was 


most toxic and was studied most intensively. Fraction I] was 


Bacillus larvae (White) is the causal disease organism of 
American foulbrood which is capable of killing larvae of 
the honey bee, Apis mellife ra Bi, The bacterium produces 
a proteolytic enzyme (Sturtevant 1924, Holst & Stur 
tevant 1940 
sporulation of the organism. However, evidence for the 


whose activity may be correlated with the 


timing and mechanism of production is not conclusive 
(Gochnauer 1957 

Water extracts from scales (dead, dried honey hee 
larvae killed from the disease) were antibiotic (Holst 
1945). Holst showed that the water extract contained the 
antibiotic principle which was nondialyzable and moder- 
ately heat stable. The extract was toxic when injected 
intraperitoneally into mice, but no toxicity was evident 
upon oral administration, 

The objective of the present research was to character 
ize more fully the toxic fraction and to determine whether 
the toxicity to insects was more general than with honey 
hee larvae (Patel & Gochnauer 1959). This was done on 
a few selected laboratory reared species. 

MATERIALS AND Mertnops.-Extraction of the pro 
teolytically active fraction was accomplished by blending 
the scales (1007 wv) in water or in 0.1 M phosphate 
buffer, pH 8.0. Three grams of scales were used. The 
waxy material was removed by filtration through glass 
wool and bacterial spores by centrifugation at 15,000 
relative centrifugal force. 

The spore free supernatant was dialy zed against 1 liter 
of distilled water at 5° ¢ 


brownish color and fluorescence and gave a 


. until the dialysate had lost its 
negative 
ninhydrin test. This was accomplished by changing the 
water every day for 10 days. The dialyzed contents were 
pervaporated to 30 ml. 

The extracted, dialyzed material was separated into 
three fractions for testing. Full details of physical-chem- 
ical characterization will be given in a separate publica- 
tion (Patel & Gochnauer, unpublished). 

Preparation of the fractions was as follows: 

Fraction I: Fifteen ml. of the dialvzed crude extract 


> 


was adsorbed on the top of a 3X20 em. dry cellulose 
column; distilled water was poured on the top of the 
column until 30 ml. of effluent were collected. The adsorp 
tion was repeated and elution carried out four successive 
times from freshly prepared columns. The effluent was 
subjected to a test by paper electrophoresis which indi- 
cated its identity as fraction I. 


nontoxic. The toxicity of IIT appeared to be due to proteolytic 
activity, or at least closely associated with it. The toxin did not 
show great differences in effect when compared on house flies of 
four different strains, different ages and for sex differences. The 
toxicity was greater at higher temperatures. 

When the toxic fraction was given orally to house flies, no 
deleterious symptoms or mortality occurred. The loss of toxic 
activity occurred in the midgut and the recovered material was 
nonproteolytic. The nonproteolytic fractions of the crude ex- 
tract from Bacillus larvae were not toxic to the test insects 


Fraction II and 111: These fractions were adsorbed on 
specially prepared activated alumina. Seventy-five grams 
of activated alumina were suspended in 500 ml. of water 
in a graduate cylinder of that capacity. Particles which 
did not settle within 1 minute were discarded, and the 
process was repeated. Settled particles were removed and 
dried overnight at 98° C. 

Adsorption of the fractions was accomplished by using 
15 ml. of the 10° dialyzed crude extract on 60 grams of 
dried alumina prepared as described. Fraction Il was 
eluted by repeated washings with 50 ml. aliquots of dis- 
tilled water until the eluates were free of color and 
fliorescence. The eluted liquid, about 400 ml., was per- 
vaporated to a volume of 15 ml. Fraction II was eluted 
from alumina with 50-ml. aliquots of M/10 phosphate 
buffer (pH of 8.0) to a total volume of 400 ml. 

The eluate was pervaporated to 15 ml. and dialyzed 24 
hours against running tap water followed by 24 hours of 
running distilled water to remove buffer ions. Concentra- 
tion by pervaporation was again made to 15 ml. 

Toxicological studies were carried out by administering 
the fractions orally and by injection with comparable con- 
trols of boiled preparations and distilled water. Feeding 
trials were made with larvae and adults of the honey bee 
, and adults of Amer- 
ican and German cockroaches (Periplaneta americana 
. Larvae of the yellow 


and house fly (Musca domestica L. 


L.) and Blattella germanica (L. 
fever mosquito (ledes aegypti (L.)) were subjected to the 
fraction dissolved in distilled water. Injections were made 
to adults of the honey bee, DDT susceptible and resistant 
strains of the house fly, American and German roach, the 
milkweed bug (Oncopeltus fasciatus (Dallas)), and the 
hide beetle (Dermestes maculatus DeGeer). 

Resuvts. 
three phases. The first includes symptomatology, the 


The toxicological results are presented in 


second, results obtained when using the crude extract, and 
the third, results obtained from the biologically active 
fraction, referred to as ITI. 

Sym ptomatology.— All affected insects were inactivated 
quite slowly, an immobilization of the locomotory funce- 
tion taking place. There were no obvious symptoms of ex- 
citation, 

Dissection of insects in an advanced stage of toxicity or 
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Table 1.—Per cent mortality of various adult insects fol- 
lowing injection of American foulbrood crude extract to 30 
individuals in triplicate. 
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Table 2.—Per cent mortality of 10-day-old female house 
flies by injection with enzyme fraction III from American 
foulbrood scale extract using 30 individuals in triplicate. 





Per CEN 
AMOUNT KILL 
INJECTED AFTER 

INSECT (uL./INSECT) TREATMENTS 48 Hours* 
Honey bee 5.0 unheated 90.0 
heated 50.0 
House fly (avg. weight 3.0 unheated 92.5 
0.0236 gm.) heated 5.6 
Milkweed bug 3.0 unheated 82.5 
heated 12.5 
Hide beetle 5.0 unheated 87.5 
heated 71.8 
American cockroach 300.0 unheated 90.0 
(avg. weight 1.3 gm.) heated 10.0 
German cockroach (avg. 12.0 unheated 65.0 
weight 0.052 gm. heated 15.0 





* No mortality in controls injected with distilled water, except for honey bees 
where 35°% mortality occurred. 


recently dead revealed disintegration of most internal 
organs, except tracheal branches and sclerotized areas. 
Membranes and musculature at joints of the legs and 
antennae were affected first and this effect was quite pro- 
found in milkweed bugs and honey bee larvae. Larvae of 
honey bees were blackened and completely liquefied. 

Crude Extract Activity.._Feeding experiments were 
conducted with several insects. The toxicity was evident 
when 50 microliters of the crude extract were fed to 4- 
and 5- day-old larvae and prepupae of the honey bee 
(Patel & Gochnauer 1959). 

Oral feeding trials on other insects did not produce 
toxicity. Tests included mosquito larvae, using up to 0.1 
ml. of enzyme per 50 ml. of water. No mortality occurred 
even after 4 days. 

House fly larvae were also fed the extract with no mor- 
tality resulting. Tests with adults of house fly, German 
and American cockroaches also indicated ineffectiveness. 
Other studies indicate the liklihood of detoxification 
occurring in the guts of the insects. 

Injection experiments were carried out on a number of 
insects and the results obtained are presented in table 1. 
The results indicate that a much higher dose was required 
to produce high mortality in American cockroaches, but 
the differences are not great when assessed on the basis of 
body weight. 

Fraction IIT Activity.—The three fractions of the crude 
extract, separated as described in ‘Materials and Meth- 
ods,”’ were tested by injection into 40 house flies for each 
fraction. Fraction III gave the highest activity, although 
Fraction I produced some mortality. Mortality after 48 
hours was 57.5% from Fraction III, 22.5% from Frac- 
tion I and no mortality from Fraction II. The test pro- 
cedure involved injection of 3 microliters per fly. 

Further tests were conducted with Fraction III. Tests 
against house fly adults had indicated that the LDs» at 24 
hours was 1.48 microliters of the enzyme with 25 micro- 


Per Cent Morvariry 
MicrRo.uiTERS 


INJECTED TREATMEN1 24 Hr. #8 Hr 
0.7 unheated 13 93 
1.0 unheated 33 97 
1.5 unheated 53 100 
co unheated 63 100 
3.0 unheated 70 100 
£0 unheated 67 70 
4.0 heated 0 3 
0 distilled water 0 7 





grams nitrogen per milliliter. At 48 hours the mortality 
was 100%. Results are presented in table 2. 

Results of the effectiveness of Fraction IIT on different 
ages and sexes of flies is reported in table 3. Differences 
between sexes were not great enough to be significant 
although there was some trend indicating greater suscep- 
tibility of young females than young males. The trend 
with respect to age would indicate somewhat greater sus- 
ceptibility in older populations. 

Fraction II] was tested on DDT-resistant strains of 
house flies and effects were compared with a susceptible 
strain. Injections of 30 flies in each strain resulted in 
similar mortalities, thus there were no significant differ 
ences. The strains tested were Orlando Colony I, Robedts, 
and DDT—45, all established DDT-resistant ones, and a 
susceptible NAIDM (National Association of Insecticide 
and Disinfectant Manufacturers) strain. 

Posttreatment temperature effects were studied with 
respect to toxicity of Fraction HI. Results shown in 
figure 1 indicate a pronounced increase in per cent mor- 
tality with higher posttreatment temperatures, the range 
of 10° ©. to 37° C. having been studied. In addition, the 
increased effect at high temperatures was evident when 
the first posttreatment temperature was made at a cool 
temperature and the flies were brought up to higher tem 
peratures. The positive toxicity obtained when flies were 
transferred from cooler to warmer temperatures would 
indicate that the toxic fraction was not adversely affected 


Table 3.—Mortality response of house fly due to sex and 
age followed by 3.0 ul injection of enzyme III of American 
foulbrood scale extract to 30 individuals in triplicate. 





Maes FEMALES 

AGh 
DAYS TREATMENT 24 Hr tS Hr 24 Hr tS Hr 
2 unheated 13.3 86.6 16.6 66.6 
> unheated 26.6 83.3 53.3 83.3 
9 unheated 65.6 93.3 76.6 100.0 
12 unheated 76.6 96.6 66.6 100.0 
heated*® 10.0 10.0 0.0 6.6 
15 unheated $3.3 100.0 63.3 96.6 
heated 13.3 16.6 3.3 6.6 





® Less than 7% mortality in both sexes 9 days old and younger 
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Fig. 1. The toxicity of Fraction IIT when injected in 3- to +day-old female house flies of a DD'T-susceptible strain. Posttreatment 
temperatures are compared. The two regression lines on the right indicate that the flies were held at 20° and 10° C. for 96 hours be- 


fore being transferred to 30° C 


The toxicity of the fraction was barely detectable until the flies were transferred to the higher 


temperature 


in vivo at lower temperatures even though the toxicity 
was not expressed until temperatures were elevated. 

Toxicity as Related to Proteolysis. The toxicity of the 
enzyme fraction appeared to be identical to or associated 
with its ability to decompose protein, The evidence pro 
vided includes proteolysis on a gelatin agar plate follow- 
ing separation on an ascending cellulose chromatographic 
column (table 4, and fig. 2) 

Fraction LIL was also subject to decomposition as evi 
denced by lack of toxicity upon feeding. This effect was 
studied in the house fly by comparing toxicity effects 1 
vivo and in vitro with the electrophoretic patterns (fig. 3). 

Toxicity as Related to Proteases of Other Sources.—The 


toxic properties of other enzymes were studied. Prepara- 
tion of proteolytic enzymes from house fly midguts (re- 
ferred to as EM) were followed by the method described 
by Patel & Richards (1960) with the difference that 24 
midguts were used in water instead of 20 in a buffer 
solution. (See table 5.) Other enzymes included in this 
study were pepsin (from pig) crystallized three times and 
trypsin (from beef). These enzymes were obtained from 
Sigma Chemical Co. 

Discussion.—The list of bacterial pathogens affecting 
insects has increased considerably in the last two decades. 
Some bacterial pathogens have exhibited proteolytic 
activity (Bucher 1960). However this enzymatic hydroly- 
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Table 4.—Comparison of mortality of 7-day-old female 
house fly with 3.0-ul. injection of different fractions from 
ascending cellulose column of the crude extract of American 
foulbrood scales of 30 individuzis in duplicate. 





Per Cent Mortariry Arrer 
RELATIVE t8 Hours 


POSITION OF GELATINE 


rHE Fraction  Hyprotysis Unheated Heated 
Top + 18.6 $.$ 
Middle 0.0 0.0 
Bottom + 83.3 0.0 





sis and insect toxicity have not been experimentally 
demonstrated. The present work is the first reported 
attempt to correlate experimentally both activities from 
Bacillus larvae, the causal organism of American foul- 
brood of honey bee larvae. 

The water extractable toxins were obtained from the 
dead honey bee larvae infected with B. larvae. Bacteria- 
free extracts were purified by removing the dialyzable 
components and further by precipitating out with am- 
monium sulphate. Final purification was accomplished by 
adsorption and electrophoretic techniques; however none 
of the fractions were crystallized. 

The investigation revealed three proteolytic compo- 
nents which could be separated and isolated. Two of the 
three exhibited oral toxicity to larval and adult stages of 
honey bee and to various other insects on injection. This 
indicated specificity of effects observed by many patho- 
gens. A similar toxic property has been reported by Holst 


Electrophoretic pattern 














rs 
A 
B = 
c ++ 
c B A 
(1) (2) (3) 
Fic. 2.—A comparison of chromatographic migration and insect 


toxk ity. Part 1 indicates ascending cellulose column chromatog 
raphy using a 0.1 M phosphate buffer with pH of 8.0. 


Part 2 indicates re-chromatography (using same solvents as in 1 
from fraction A, B and C using ascending paper chromatography 
to detect proteolytic activity. No activity was evident in frac 


tion B. 


Part 3 indicates toxicity of fractions A, B and C upon injection to 
DDT-susceptible female house flies. Heated extracts were used 
for controls 
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Fic. 3.—Comparison of electrophoretic patterns and insect toxicity of Fraction III extracted from scales of American foulbrood 
Mid-gut (EM) enzymes from the house fly are compared. In viro administration of Fraction IIL is contrasted with in vitro. This 
mixture is indicated by IIT EM 
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Table 5.—Toxicity comparisons using proteases from sev- 
eral sources." 





$8-Hour 
Mor TAtiry 


ENZYME Sourci CONCENTRATION (%) 
III AFB Scales 10% (scale ex- 66.7 
tracts) 
EM & IIT> Fly guts+AFB 24 guts/ml 58.0 
in vitro) 
EM & IIT Fly guts 24 guts/ml. 0.0 
in vitro 
EM Fly guts 24 guts/ml 0.0 
Pepsin Pig 1% 0.0 
Trypsin Beef 1% 100.0 





* The mortality of 6-day-old female house flies resulting from injection of 
microliters of water solutions of proteolytic enzymes. Results are based upon 
American foulbrood is abbreviated as AFB. EM 


proteolytic enzyme from fly midguts 


30 flies per treatment 


In vitro preparations were midguts dissected, extracted and added to 


I ml. of fraction IIT preparation; in vivo preparations were from live flies which 


had been fed fraction ILL followed by a dissection and extraction of their mid 
guts 

(1945) using a nonpurified extract on rodents. The 
isolated fractions are fairly heat stable and remain active 
over a wide pH range (Patel & Gochnauer, unpublished). 
The most active toxin has a positive temperature coeffi- 
cient and prolonged posttreatment exposure to lower 
temperature does not destroy the toxin effect. 

Since the enzyme has properties of protein hydrolysis 
the effect may occur on constituents of the blood, internal 
organs, cells, and cell walls. Such disintegrating effects 
have been illustrated many vears ago in honey bee larvae 
(Jaeckel 1930, Stemhaus 1949). Other effects can inhibit 
the normal functions of body enzymes by hydrolysis. 
Such effects would have a greater similarity to modern 
synthetic insecticides. 

The proteolytic activity of extracts from Bacillus larvae 
appears to be unlike the toxic activity of Bacillus thuringi- 
ensis, a bacterium pathogenic to a number of insects. The 
toxicity of B. thuringiensis var. thuringiensis and B. 
sotto is attributed to alkali soluble 
parasporal crystalline inclusion bodies present in’ the 
spores (Hannay & Fitz-James 1955, Angus 1956). There 
is no published evidence of proteinase activity from the 
additional 


thuringiensis var. 


parasporal bodies of B.. thuringiensis. An 
dialyzable fraction from B, thuringiensis (McConnell 
& Richards 1959) is also unlike the enzyme in the present 
study. Information about the pathology of another bio- 
logic agent, Bacillus popilliae, indicates another type of 
toxin, even though there is a possible enzymatic action 
involved in this example (Beard 1945). For a further 
discussion on bacterial pathogens of insects, consult 


Bucher (1960). Thus the chemicals produced from patho 
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gens may vary categorically in their mode of action. Their 
isolation may very well give additional support to the 
evidence given here, namely correlation of proteolytic 
nature exhibited by the insect pathogen and the insect 
toxicity. However, this does not rule out toxic proteolytic 
enzymes of nonbacterial origin and does not necessarily 
correlate toxicity to all proteinases. Evidence for this 
statement is contained in the present work. Results 
show that proteolytic enzymes I and III of the American 
foulbrood scale and crystalline trypsin (beef) are toxic 
to insects while proteolytic enzyme II of the American 
foulbrood scale, two proteolytic enzymes from the mid- 
gut of the house fly, and crystalline pepsin (pig) are 
nontoxic. 
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Chemical Control of Slugs in Orchard Grass-Ladino White Clover 
Pastures in the Pacific Northwest! 


Anous J. How1rr? 


ABSTRACT 


Experiments were conducted in Western Washington on the 
control of slugs affecting orchard grass-ladino white clover pas- 
tures. Slug populations for the most part consisted of Deroceras 
agreste (Linnaeus) and Arion ater (Linnaeus) although several 
other species were found. The best method of determining slug 
populations in pastures involved the use of boxes. It was found 
that slugs would seek shelter under upturned boxes during the 


Dairying is one of the major industries in Washington. 
Approximately 80% of the herds are pastured in Western 
Washington where a cool, moist climate promotes luxuri- 
ant growth of pastures. The most important pasture crop 
is a mixture of approximately 40% ladino white clover 
and 60% orchard grass. Under normal conditions the 
ladino white clover will persist for a number of years. The 
climatic conditions in Western Washington favor the 
development of slug populations. Slugs are important 
pests of clovers, including ladino white clover. A gray 
garden slug, Deroceras agreste (Linnaeus) and the black 
slug, Arion ater (Linnaeus), are the most common al- 
though several other species may be encountered. Slugs 
damage the clover by feeding on the foliage, often devour- 
ing most of the leaf surface, thus reducing photosynthesis 
and weakening the plant so that it cannot successfully 
compete with other plants. An upset in the ecological 
balance between the clover-orchard grass occurs and the 
clover is replaced with grasses and weeds, often within a 
single growing season. Since orchard grass is compara 
tively free of damage from pests including slugs, con- 
sideration has been given to pastures consisting solely of 
orchard grass. Murdock et al. (1959) reported that differ- 
ences in production of fat-corrected milk between cows 
pastured in orchard grass and orchard grass-ladino white 
clover averaged 5.0 pounds per cow per day in favor of 
the orchard grass-ladino white clover. This represented 
an increase of $0.31 in the average return per cow per 
day. It is obvious then that ladino white clover represents 
an important constituent of pastures. The purpose of this 
study was to investigate chemical methods of controlling 
slugs attacking ladino white clover. This work was con- 
ducted in Western Washington from 1955-1957 inclusive. 

Mernops.—/955 Tests.—In preliminary work in 1955 
it became apparent that special techniques would have to 
be developed to determine the effects of chemicals in 
reducing slug populations. Initially, slug populations were 
determined by counting the number of slugs in the soil 
contained in a 3- by 3-foot wooden frame that was placed 
on the ground surface at several random locations within 
a plot. This method was abandoned when few slugs were 
found, even though there was evidence of heavy slug 
feeding. 

To determine the effects of slug feeding, plots were 
planted to ladino clover in the fall of 1954 for studies in 
1955. Five replications using paired plots, each measuring 
10 by 25 feet, were used. Beginning in the spring of 1955, 
one of the paired plots in each of the five replications was 


day if the boxes were made light-proof. It was demonstrated that 
slugs could destroy ladino white clover in a single growing sea- 
son. Slug populations varied greatly within a season. The slug 
population was greatly increased at the surface by overhead irri- 
gation. When colloidal suspensions of metaldehyde were pumped 
into the irrigation system at this time, seasonal control of slugs 


was obtained. 


treated with 1 pound of 15° metaldehyde dust every 
10 days until the end of September, 1955. The plots were 
irrigated regularly to provide optimum conditions for the 
development of slug populations. 

1956 Tests.—In the fall of 1955 a rectangular-shaped 
2-acre field was planted to ladino white clover for study 
the following year. When high slug populations had 
developed in the fall of 1956, plots measuring 80 by 40 
feet were staked out. On November 8, 1956 metaldehyde 
sprays and dusts were applied to the plots using a boom 
sprayer and Root duster, respectively. To determine slug 
populations after treatment, four wooden boxes, each 
measuring 1X1 X1 foot, were placed open side down in 
each plot 3 days after the treatments were applied. It had 
been found that slugs would seek shelter under upturned 
boxes during the day, provided no light could enter. The 
boxes were made light-proof by stapling heavy waterproof 
paper on the inside of the box. It had been determined 
that the number of slugs seeking protection under the 
boxes remained quite constant after the boxes had been in 
position for 3 days. Hence, the relative slug population in 
each plot could be measured by counting the number of 
slugs found under the boxes. The metaldehyde formula 
tions used and the amounts of technical material applied 
per acre are shown in figure 1. 

1957 Tests. 
orchard grass-ladino white clover was divided into l-acre 
plots. Metaldehyde sprays and dusts were applied May 
23, 1957 using a boom sprayer and Root duster, respec 


In the spring of 1957, an 8-acre field of 


tively. There were two replications of each treatment 
tested. Treatments were applied after cattle had grazed 
the plots so that plant growth was reduced to a minimum, 
thus providing more opportunity for the treatments to be 
dispersed near the surface of the soil. Slug populations 
were estimated before and after treatment, using the box 
technique described for the 1955 tests. The metaldehyde 
formulations used and the amounts of technical material 
applied per acre are shown in figure 2. 

In the spring of 1957, a rectangular 2-acre field of 
ladino white clover was divided into three linear plots 
each measuring 150 by 100 feet. Estimates of the slug 
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Fic. 1 
ladino white clover after treatment with metaldehyde sprays 
and dusts Puyallup, Washington, 1956 


The average number of slugs per station in plots of 


populations were made at different intervals, using the 
box technique previously described. Sixteen boxes were 
used in each plot to determine slug populations. The 
number of slugs per plot on the dates listed in figure 3 was 
determined by averaging the number of slugs found under 
the 16 boxes in each plot on that date. 

Beginning July 19, 1957 the plots were irrigated for 6 
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hours daily for 3 consecutive days, using a single irriga- 
tion line that ran throughout the length of the field 
(fig. 4). It had been determined previously that a single 
irrigation line, which divided the field equally running 
lengthwise, could irrigate all plots simultaneously. Irriga- 
tion was by overhead sprinkling from sprinkling heads 
placed at 20-foot intervals along the irrigation pipe. At 
the conclusion of irrigation, a colloidal suspension of 
metaldehyde was applied to the two end plots. The 
metaldehyde was pumped into the irrigation line from 
two 50-gallon drums containing the desired amount of 
metaldehyde. A colored dye was added to the drums of 
water to check its dispersion throughout the plots. It 
required about 10 minutes for the contents of the two 
50-gallon drums to be pumped into the irrigation line. 
The sprinkler heads in the central plot were plugged so 
that it received no treatment. After 10 days, one of the 
end plots received an additional application of metal- 
dehyde through the irrigation system. The metaldehyde 
formulations used and the amounts of technical material 
applied per acre are shown in figure 3. 

The following methods were employed to determine 
the amount of slug feeding in the plots: the plots were 
mown as close to the ground as possible in August to 
remove clover damaged by slugs prior to the treatments. 
On October 1, 1957, 100 stems were harvested at random 
from the new growth in each plot. The center leaflet from 
one trifoliolate leaf on each stem was plucked, mounted 
in 2- by 2-inch glass, then projected. An outline of the 
entire leaflet was made from the projection on good 
quality onion skin paper. In addition, the portions of the 
leaf devoured by slugs were outlined in the enlarged pro- 
jection of the leaflet. Since the damaged areas showed as 
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The average number of slugs per station in orchard grass-ladino white clover plots before and after treatments with metalde- 


hyde sprays and dusts. Satsop, Washington. 1957 
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Fic. 3.—The average number of slugs per station in ladino white clover plots before irrigation; after irrigation; and after applications 
of metaldehyde applied through the irrigation system. Puyallup, Washington. 1957 


irregular shaped holes in the leaflet, these areas were 
projected brighter than the diffused light through the 
undamaged portions, so that the damaged areas could be 
easily traced. The outline of the entire leaflet was weighed 
on a sensitive balance then the portions indicating slug 
feeding were cut away. The per cent of feeding was ob- 


tained by obtaining the differences in weight between the 
entire leaflet tracing and the tracing minus the parts 
indicating slug damage. The amounts of technical metal 
dehyde applied per acre are shown in figure 5. 

Resutts AND Discussion.—-1955 Tests. Early in the 
spring of 1955, all plots had a uniform stand of ladino 





Fia. 4.— Ladino white clover irrigated by overhead sprinkling from a single irrigation line. The slugs congregate under the upturned 


boxes. Puyallup, Washington. 1957 
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Fig. 5. The percentage of foliage devoured by slugs in ladino 
white clover plots 10 weeks after treatment with metaldehyde 


sprays. Puyallup, Washington. 1957. 


clover, free of weeds, with only traces of grasses visible. 
As the season advanced there was a noticable increase in 
the numbers of slugs in the untreated plots. By the 
middle of June, approximately 50°7 of the foliage in the 
check plots had been destroyed and grasses and weeds 
had begun to encroach on the plots. All treated plots had 
a uniform stand of clover, free of weeds, with only traces 
of grasses visible. By the end of July the slugs had com 
pletely defoliated the clover in the untreated plots. Dur- 
ing July and August there was a rapid build-up of weeds 
and grasses. By the end of September the clover had 
disappeared and had been replaced by a mixture of 
grasses and weeds. The stand of ladino white clover in the 
treated plots remained unchanged. There was. still a 
uniform stand, free of weeds, with only traces of grasses 
present. The results of this work demonstrated conclu- 
sively that slugs can be a limiting factor in the mainte- 
nance of clover in orchard grass-ladino white clover pas- 
tures in Western Washington. 

1956 Tests.-The results shown in figure 1 indicated 
that while metaldehyde treatments reduced the popula- 
tion considerably, enough slugs remained to cause dam- 
age. The cold, wet 
effects of metaldehyde. It was decided that metaldehyde, 
to be more effective, would have to be applied in warmer 


weather which would promote greater slug activity and 


weather appeared to reduce the 


increase the desiccative effects of metaldehyde. 

1957 Tests. The results of the trials conducted in the 
8-acre field” of 
shown in figure 2. It appeared that, initially, there was a 


orchard grass-ladino white clover are 
great reduction in the population as shown by the slug 
counts made on June 10, two weeks after treatment. 
However, the populations began to build up rapidly so 
that by August 14, twelve weeks after treatment, the 
populations were nearly as great as they were before the 
applications of metaldehyde. Barnes & Weil (1944) re 
ported that the number of slugs at the surface varies 
considerably from night to night, depending on environ 
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mental conditions. Metaldehyde is an unstable compound 
which depolymerizes within a few days and has limited 
residual activity. Therefore, it seems probable that only a 
portion of the slug population emerged from the soil and 
was affected by the metaldehyde. 

The results of the tests conducted in the 2-acre field of 
ladino clover are shown in figure 3. Without considering 
the effects of irrigation on the slug population as indicated 
in the counts reported for July 20 and 22, there appears to 
be a great seasonal variation in the number of slugs at the 
surface. For example, the average number of slugs per 
station in the untreated plot varied from 1.8 on May 27 
to 108.4 on August 9. As indicated in the counts for all 
plots on July 20 and 22, irrigation had an immediate and 
drastic effect in increasing the number of slugs at the 
surface. For example the numbers of slugs per station in 
the three plots on July 5 were 61.7, 30.9, and 23.7; after 
6 hours of irrigation these counts were increased to 107.3, 
78.8, and 50.0, respectively, on July 20. After 18 hours’ 
irrigation there was a further increase and counts on July 
22 were 209.6, 206.4, and 114.9, respectively. These latter 
counts represent increases of 340%, 688%, and 485%, 
respectively, over the populations reported for these 
plots on July 5. By increasing the relative humidity at the 
surface, the irrigation apparently created an optimum 
environment for the slugs so that large numbers migrated 
from the soil to the surface. When a colloidal suspension 
of metaldehyde was introduced into the irrigation system 
at this time, it affected a high percentage of the total slug 
population in the plots. This resulted in a sharp decrease 
in the numbers of slugs in the treated plots. More im- 
portant, this reduction, in contrast to the findings re- 
ported for the 8-acre field, was maintained over a con- 
siderable length of time. The slug counts per station in 
the check and plots receiving one and two applications 
were respectively 49.8, 4.5, and 0.6 on July 30; 108.4, 4.7, 
and 3.7 on August 9; 35.6, 4.1, and 0.3 on September 6; 
and 23.9, 5.5 and 2.2 on October 11. 

As shown in figure 5, the percentage of the foliage 
devoured by slugs was 17.3, 5.7, and 0.8 for the untreated 
check, and plots receiving one and two applications, 
respectively. Since these figures represent the degree of 
damage by slugs in less than 2 months it is obvious that 
slugs have the potential of destroying clover within a 
single growing season. Later work on other crops sug- 
gested that rates as low as 1 or 2 pounds of actual metal- 
dehyde per acre could give control of slugs. Since most 
orchard grass-ladino white clover pastures are irrigated in 
Western Washington by overhead sprinklers during the 
growing season, the method of introducing metaldehyde 
into the irrigation system, as described above, would fit 
into the cultural practices used by growers. 
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European Corn Borer Control in Potatoes’ 


D. F. Bray, University of Delaware, Newark? 


ABSTRACT 


Heavy, natural infestation of Katahdin potatoes by the Euro- 
pean corn borer (Pyrausta nubilalis (Hbn.)) did not affect 
S. No. 1 potatoes. Five insecticides, applied as 


yields of U. 
sprays, gave good control of this insect. They are: DDT, Kepone® 
(decachlorooctahydro-1,3,4-methano-2H-cyclobuta [ed] _ pen- 
talen-2-one), phosphamidon, Sevin® (1 naphthyl N-methylear- 
bamate), and Thiodan® (6,7,8,9,10,10-hexachloro-1,5,5a,6,9,9a- 
hexahydro-6,9-met hano-2,4,3-benzodioxathiepin 3-oxide). Phor- 


Concern has been expressed by many potato growers 
over the European corn borer (Pyrausta nubilalis (Hbn.)) 
in potatoes, especially in early varieties. In Delaware it 
is commonly felt that few if any of the available insecti- 
cides are capable of controlling this pest. For instance, 
in 1958 one grower used five different insecticides in the 
course of an eight-application spray program, primarily 
because he lacked confidence in the ability of any one of 
them to check the borer. 

Borer damage is conspicuous in at least some Delware 
fields every year, but its real importance is not actually 
known. Previous investigators have presented conflicting 
evidence concerning the relationship between borer injury 
per se and the yield of tubers. Turner & Zappe (1937 
were among the earliest to report the species as a pest of 
potatoes. They found, in most cases, no differences in 
yields due to the borer. Pepper (1938) doubted that it 
would ever be serious on early potatoes in New Jersey, 
but regarded it as potentially dangerous to the later 
varieties. Jones et al (1939) considered potatoes the 
principal host plant for the borer’s first generation on the 
Eastern Shore of Virginia, and concluded that feeding by 
this pest probably caused a reduction in yield. They re- 
ported a tendency for heavily infested plants to produce 
more cull potatoes than those with lower infestations. 
Beard (1940) reported “very good yields of potatoes . . . 
from fields with infestations which would be considered 
severe.’ In contrast to Jones et al., he indicated that tuber 
size was larger where infestation was high. Merrill (1957) 
regarded the danger of secondary rots as possibly a 
more serious problem than the borers themselves. He 
mentioned that when heavy, regular rainfalls occur, soft 
rot of the tubers often follows borer injury, and that irri- 
gation increases this danger. Based on a series of tests in 
which vines were artificially infested with corn borer eggs, 
B. B. Pepper (personal communication) reported no sig- 
nificant differences in yield or grade among any infesta 
tion levels. 

Measures for corn borer control on potatoes commonly 
appear in recommendations made by extension workers, 
however, these are based on corn insect research, not on 
potato insect research. Investigations reported in this 
paper were undertaken therefore to determine the effect 
of the European corn borer on potato yields as well as the 
effectiveness of various insecticides, including one sys- 
temic (phorate) in the control of the borer on potatoes. 
Also, the extent of injury by other insects to potatoes 
treated with various insecticides was to be determined. 


ate, applied to the soil at planting time failed to give control of 
the borer. 

The green peach aphid (Myzus persicae (Sulz.)) was effectively 
controlled by phorate, phosphamidon, and Thiodan. Large num- 
bers of this species occurred where DDT, Kepone and Sevin were 
used and may have reduced yields of potatoes on the Sevin plots 

Use of heavy spray machinery on small plots reduced yields 


In addition, the effect of soil compaction on yield owing to 
the use of large field machinery in experimental plots was 
studied. 

MATERIALS AND Metuops. 
planted at Georgetown, Delaware, on April 11, 1960. At 
the same time 1 ton of 10-10-10 NPK fertilizer per acre 
was applied to the soil. Plots consisted of 3 rows, each 50 
feet long, 3 feet apart. All treatments were replicated 
four times in randomized blocks. An additional four 


Katahdin potatoes were 


plots of this size, adjacent to the test area, did not receive 
insecticides. Data were taken from these plots but were 
not included in the statistical analysis. In all plots, data 
were taken from the middle row. 

Granulated phorate (10°%) was put in the soil at the 
time of planting with a special fertilizer applicator at 
tached to the planter. It was applied in two bands parallel 
to but separated from the seed pieces by about 2 inches 
of soil. A 10° sand-granulated formulation was used in 
one treatment. 

All other insecticides, and the one fungicide were ap 
plied as sprays. Wettable powders were used in all cases 
except that of phosphamidon which was an emulsifiable 
concentrate. Because a 10-day spray schedule was fol 
lowed, each insecticide was applied at the heaviest rate 
recommended by the manufacturer except DDT which 
was used at 2 pounds per acre during periods when most 
corn borer eggs were hatching and at 15 pounds per acre 
at all other times. Fungicides were not included in the 
regular spray schedule. However, because late blight was 
reported in the State, all plots were sprayed with 13 
pounds of zineb per acre on June 16. 

The following insecticides and their formulations were 
used: DDT 50% wp, Kepone® (decachlorooctahydro 
1,3,4-metheno-2H-cyclobuta [ed] pentalen-2-one) 50° 
wp, phorate 10% standard granulated formulation and 
10% sand-granulated formulation, phosphamidon #.5 
lb. gal. ec, Sevin® (1 naphthyl V-methylearbamate) 50 
wp, and Thiodan® (6,7,8,9,10,10-hexachloro-1,5,5a,6,9,9a 
hexahydro-6,9-methano-2,4,3-benzodioxathiepin 3-oxide 
50% wp. Rates per acre and application dates are pre 


sented in table 1. 
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Bray: EUROPEAN Corn Borer CONTROL IN POTATOES 


Table 1.—Insect infestation and yields of Katahdin potatoes under various insecticide and cultural treatments. George- 


town, Delaware, 1960. 





GREEN Peacu Apuips VINES DESTROYED 


TREATMENT AND ACTUAL 
TOXICANT PER ACRE (LB. ) APPLICATION Dates 
ppr 2:0 May 18, 27, June 6, July 18, 27 
1.5 June 16, 27, July 7 

Kepone, 1.0 All sprays (8) 

Phorate standard, 3.0" April 11 (Soil 

Phorate standard, 3.0 April 11 (Soil) 

Phorate C.S.,° 3.0 April 11 (Soil) 

Phosphamidon, 0.5 All sprays (8 

Sevin, 1.0 All sprays (8 

Thiodan, 1.0 All sprays (8 





L.S.D. @ 1% level 
(a 5% level 
Check,' No. 1 
Check,' No. 2 


U.S. No. 1 


PER 25 LEAVES PER Piotr? PotaTors (100 LB. 


(SEASON'S TOTAL)* (JUNE 27) BAGS PER ACRE) 
S74 1.0 227 
205 §.5 199 

++ 13.3 229 

67 13.3 149 

121 12.3 178 
94 6.8 200 

960 6.3 193 
36 3.8 236 

i) nes nes. 

6.37 42 

33 10.0 196 

+1 15.0 246 





* Counts made prior to spraying May 27, June 6, 16, 27, July 7, 18, 27 


Vines destroved regarded as all stalks fre 


Higher rate applied when corn borer eggs were hatching 


No compaction due to sprayer and tractor; all other plots were exposed to tr 


Sand-granulated formulation 


Not randomly replicated and not included in statistical analysis 


Spraying was done with a tractor-drawn, 500-gallon 
Bean sprayer operated by a power-take-off. A boom de- 
signed to simulate those used by commercial growers was 
used. It consisted of only overhead nozzles spaced 12 
inches apart. Applications were at 500 pounds pressure 
and at a rate of 100 gallons of water per acre. Excepting 
half of the check plots and all of the plots of one phorate 
treatment, the tractor and sprayer passed through all 
plots on each spray date whether sprays were applied or 
not. 

The effectiveness of insecticides was determined by 
counting the number of insects or insect Injuries on 25 
leaves selected at random from the middle rows. Usually 
these were from 25 different plants, and most were from 
the lower halves of the plants. The number of vines de 
stroyed by the European corn borer was determined on 
June 27 by measuring the length of those portions of the 
row in which dead vines occurred. Inasmuch as the seed 
pieces were approximately 12 inches apart, row length 
(in feet) could be readily converted to number of vines. 

During the course of this investigation 17.71 inches of 
rain fell. This was distributed as follows: April——1.57, 
May 3.94, June— 3.05, July--6.06, and August-—3.09 
inches. The plots were irrigated twice (in June) with ap- 
proximately 1 inch of water at each application. 

The with a 
August 19. The potatoes were dug, graded and weighed 


vines were cut rotary weed mower on 


on August 26. 


Resutts.— Data to insect 


control and yields are summarized in table 1. Most po- 


DISCUSSION OF pertinent 
tato insects were scarce in all plots for the entire season. 
Parasites and predators such as various wasps, aphis 
lions, and lady beetles were conspicuous in the phorate 
and check plots during the test period, but counts of 
them were not made, The European corn borer was the 
only pest to naturally infest the plots in sufficient num 
hers to cause apparent injury. 

Although the 
amount of vines destroyed by natural infestations of the 


there were significant differences in 


ym one seed piece destroved by the European 


corn borer 


or and sprayer on each spray date whether they were sprayed or not 


corn borer, there were no significant differences in vields 
of U.S. No. 1 potatoes due to this destruction of vines. 
For example, there were significantly greater numbers of 
borer-damaged vines in the plots receiving the phorate 
treatment that had not been subjected to the heavy 
spray machinery than in those receiving the DDT, 
Kepone, phosphamidon, Sevin or Thiodan treatments, 
yet the vield was not significantly different from any of 
these. In addition, vields from the untreated check which 
was not subjected to the heavy spray machinery were 
seemingly unaffected by what appeared to be heavy in- 
festation by the borer. 

The European corn borer was effectively controlled by 
each of the insecticides except phorate. Infestations in 
the plots receiving phorate treatments appeared to be 
approximately equal to those in the untreated checks 
which indicates that this systemic has little or no effect 
on the borer in potatoes. 

Green peach aphids (Myzus persicae (Sulz.)) built up 
slowly during the summer, and although there were sig- 
nificant differences in the aphid populations among 
nearly all the treatments, such differences occurred late 
in the season. In general the green peach aphid did not 
affect the vields. For instance, standard phorate had a 
population of aphids significantly lower than the DDT 
treatment but there was no significant difference in 
vields. In addition, the two phorate treatments which 
were traversed by the sprayer and tractor on each spray 
date had no significant difference in yield nor in degrees 
of infestation by the European corn borer, yet there was 
a highly significant difference in the numbers of green 
peach aphids. This conclusion can be reaffirmed by exam- 
ining the differences the numbers of green 
peach aphids on plots treated with Thiodan and DDI 
where they were highly significant, vet the yields are not 
significantly different. 

Thiodan, phorate (except the sand-granulated formu- 
lation), and phosphamidon, all gave excellent control of 
the green peach aphid. Parasites and predators appeared 


between 


’ 
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to reduce this species equally as well or better on the un- 
sprayed checks. 

Yield from the treatment with Sevin was significantly 
lower than that from Thiodan. There was no apparent 
explanation for this difference except the comparatively 
high infestation of green peach aphids. 

Use of heavy spray machinery on small plots resulted 
in significant reductions in yields in the phorate treat- 
ments and apparently reduced the yield in the untreated 
checks. This reduction is believed to be caused by soil 
compaction during the time when tubers were setting. In 
commercial plantings where long booms covering as 
many as 14 rows are used, this effect would be minimized. 
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Use of Test Crosses in Breeding Corn for Resistance to 


Kuropean Corn Borer! 


W.D. Guturie? and G. H. SrrincrieLp 


ABSTRACT 


An analysis of variance was used to obtain quantitative esti 
mates of the effects of genetic segregation for corn borer. re 
sistance within several selfed generations of corn cultures from 
a 24-line synthetic variety. S. cultures were evaluated as S»’s 
and in test-cross combinations with a resistant single cross and a 
susceptible single cross. S3 and S; cultures were in test-cross com- 
binations with a susceptible experimental double cross 

Segregation as measured by the net variance diminished after 
each selfing, but a significant residue of segregation remained 


Modern corn breeding consists essentially of four steps: 
(a) Isolating inbred lines by controlled self-pollination 
with selection, (b) field testing the inbred lines for general 
combining ability in outerossed combinations with 
heterogeneous stocks, (c) field testing for specific combin- 
ing ability after outcrossing with other inbred lines, and 
(d) field testing in four-line or double-cross combinations 
of selected lines on the basis of the information obtained 
from the tests for specifie combining ability. Many 
variations within this general procedure are followed. 

Some corn breeders outcross for testing coincident with 
the first selfing or in the first-selfed (S;) generation. 
Jenkins (1935), Sprague (1946, 1952), Lonnquist (1950), 
and Wellhausen (1952) presented data showing the ad- 
vantage of this method. Singleton & Nelson (1945) and 
Payne & Hayes (1949) concluded from studies on early 
outcrossing that greater overall efficiency ts obtained by 
limiting early evaluations to the segregating popula- 
tions as such and delaying the more expensive tests of 
outcrosses until the cultures are approaching homozygosis 
in the S; or later segregating generations. All corn 
breeders agree, however, that the phenotypic characters 
of an inbred line fail to provide complete information as 
to the value of that line in hybrid combinations. 

If test crosses (outcrosses for testing purposes) could 
be used in the early generations (Sp, S;, or S») of selfed 
cultures to obtain dependable predictive estimates of the 
combining ability of the later homozygous progenies, 
several generations would be saved in the breeding 


procedure. 


in the fifth selfed generation 

Use of a resistant tester for evaluating 40S. cultures appeared 
to give no information beyond what could have been gained 
from evaluating the So cultures as such. The susceptible tester 
was more efficient in evaluating the contribution of S. cultures 
to corn borer resistance than was the resistant tester 

Test crosses for evaluating corn borer resistance were not 
prac ticable in the early selfed generations because of a lingering 


segregation through five selfed generations 


In the belief that a need existed for more information 
about the stability of predictions from early testing, an 
experiment was designed by the junior author to study 
the segregation of genes in successive selfed generations 
for several agronomic characters. The present paper 
reports a study of genetic segregation for resistance to 
infestation by the first-brood European corn borer 
(Pyrausta nubilalis (Hbn.)) from the S; generation to the 
S; generation, inclusive. The data on genetic segregation 
were then applied to evaluation procedures in breeding 
for corn borer resistance. 

Mernops.--A total of 40 S» cultures from a 2#-line 
synthetic variety was obtained during three generations 
as follows: (a) Ten random So plants were selfed, (b) two 
S, selections were saved from each of the 10 So cultures, 
making 20 S,; cultures, and (c) two Ss selections were 
saved from each of the 20 8; cultures, making 40 S. cul 
tures. The 40 S. cultures were each outcrossed to two 
single-cross testers. The tester parents were Oh51lA 
< Oh26D, which is susceptible to a first-brood “whorl”? in 
festation, and an experimental single cross, Oh43 * Oh45.A, 
which is resistant to a first-brood infestation. The 24-line 
synthetic consisted of susceptible lines Oh02, Oh26, Oh26A, 
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Oh28, Oh65, Oh67A, A, BS, L289, M14, WE9, 38-11, and 
la159L1; resistant lines Oh40B, Oli bl, OhS TA, W22, and 
W238; and intermediate lines Oh7 B, O33, Hy, 1205, 155, 
and Ps. 

In 1956 the two groups of test crosses and the 40 S. 
selections were planted in three adjacent randomized 
blocks (one group in each block). Each entry was in four- 
fold replication of single-row plots and each plot consisted 
of five 3-plant hills. Nine plants in each plot were arti- 
ficially infested with six egg masses, or approximately 120 
eggs per plant, during the mid-whorl stage of plant de- 
velopment. The infestation was induced by 2 applica 
tions of 8 masses, spaced 3 days apart. 

In 1957, 36S, cultures and in 1958, 48 S, cultures were 
outerossed to a highly susceptible experimental double- 
cross hybrid, (OhS51A x Oh26F) (Oh26A* Oh26D), in 
which three of the lines were closely related. The 36.5 
cultures were derived from 10 of the original So ears, 10 
of the 20 original S; cultures, and 18 of the 40 original 
S. cultures. The 48 S; cultures were derived from 6 of the 
10 original Sp cultures, 6 of the 20 original S; cultures, 6 of 
the 40 original So cultures, 6 Ss cultures, and 12S, cultures. 

In 1959 the test crosses of these two groups of material 
were planted in two adjacent randomized blocks (one 
group in each block) with threefold replication of five 
3-plant hills. Six plants in each plot were artificially in- 
fested with four egg masses, or approximately 80 eggs per 
plant. The eggs were applied in two applications spaced 
1 week apart during the mid-whorl stage of plant growth. 

Test crosses were made in each case by planting the 
lines and tester parents in an isolated block. The lines 
were detasseled and wind-pollinated by the tester parent. 
All selections were made at random with respect to corn 
borer infestation during the five selfing generations. 

A nine-class rating scale deseribed by Guthrie et al. 
(1960) was used for evaluating whorl leaf feeding injury. 
The ratings were made on a plot basis 3 weeks after egg 
hatch. Ratings of 1 to 38 were considered resistant, 4 to 
6 intermediate, and 7 to 9 highly susceptible. 

An analysis of variance (table 1) was used to obtain 
quantitative estimates of the effects of genetic segrega- 
tion within the several selfed generations. In experiment 
la test cross was one Ss culture in test-cross combination 
with its test-cross parent; test-cross parent was eliminated 
from the S; and Sp (net) analysis; test-cross parent and 
S) cultures were eliminated from the S; (net) analysis; and 
test-cross parent and S$; cultures were eliminated from the 
S» (net) analysis. In experiment 2 a test cross was one 5 
culture in’ test-cross combination with its test-cross 
parent; test-cross parent was eliminated from the S. and 
Sy (net) analysis; test-cross parent and So cultures were 
eliminated from the Ss (net) analysis; and test-cross 
parent and S» cultures were eliminated from the Ss (net 
analysis. In experiment 3 a test cross was one S; cul 
ture in test-cross combination with its test-cross parent; 
test-cross parent was eliminated from the S,; and So 
(net) analysis; test-cross parent and So cultures were elim- 
inated from the S; (net) analysis; and test-cross parent 
and S; cultures were eliminated from the S; (net) analysis. 
In experiment 2 the S; cultures were confounded with the 
S,) cultures, whereas in experiment 3 the S;, S2, and Ss; cul 
tures were confounded with the So cultures. Therefore, 


these cultures contained 0 degrees of freedom and were 
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Table 1.—Analysis of variance, based on corn borer leaf- 
feeding ratings in classes 1 to 9, for 40 S., 36 S;, and 48 S; 
cultures (in test-cross combinations) from a 24-line syn- 
thetic variety, Wooster, Ohio, 1956 and 1959. 





MEAN MEAN 
SOURCE df. SQUARE SQUARE 
Experiment 1 
So CulturesX S.CulturesX 
Res. Parent* Sus. Parent” 
Total 159 
Replication 3 2.39 0.83 
‘Test crosses 39 5.12 3.29 
Ss 19 8.04 1.54 
So, net 9 18.37" S16" 
Si, net 10 2 .76* 3.99* 
Se, net 20 2.34** €.41> 
Krror 117 0.94 1.01 
Rep. Xs; 57 1.20 1.43 
Rep. XSo, net 27 1.22 1.23 
Rep. XS), net 30 1.18 1.61 
Rep. XS, net 60 0.69 0.61 
Experiment 2 
S; CulturesX 
Sus. Parent‘ 
Total 107 
Replication 2 0.58 
Test Crosses 35 8.60 
Ss 17 14.45 
So, net 9 19 .60** 
So, net 8 8.66** 
Ss, net Is 3.07** 
Krror 70 0.76 
Rep. XS 34 1.06 
Rep So, net IS 1.22 
Rep XS», net 16 O.SS 
Rep. X5s, net 36 0.49 
Experiment 3 
S; Cultures X 
Sus. Parent 
Total 143 
Replication 4 3.11 
lest CTOSSCS 7 7 70 
S, 11 25.00 
So, net 5 15 .82** 
Sy, net 6 7.4" 
S;, net 36 2.4)" 
Error OF 0.70 
Rep.Xs 22 1.59 
Rep XK So, net 10 1.46 
Rep *S,, net 12 1.70 
Rep Xs, net 72 0.48 





* Corn borer resistant test-cross parent =Oh43 XOh45A 
Corn borer susceptible test-cross parent =Oh51A XOh26D 
Corn borer susceptible test-cross parent Oh5tA KOh26F) Oh26A 
<Oh26D 
* Significant at .05 


** Significant at .O1 


omitted from the analysis. The applicable procedure for 
hierarchal systems was used for each of the three experi- 
ments. 

Resutts AND Discusston.-Genetic segregations as 
expressed by the variance are presented in table 2 (the 
variances of primary interest were extracted from table 1 
to improve readability) for each of the three experiments. 
In each experiment the variance diminished with each 
advance of generation. These results were to be expected 








786 JOURNAL OF Economic ENTOMOLOGY 


) 


Vol. 54, No. 4 


Table 2.—Significance of variance of corn borer leaf-feeding ratings (classes 1 to 9) within the immediate selfed progenies 


of corn plants, Wooster, Ohio.* 








(5) (7) 
VARIANCE FOR VARIANCE FOR 
(1) ( 2) (4) CULTURES X (6) CULTURES X 
EXPERI- YEAR (3) SUSCEPTIBLE SUSCEPTIBLE RESISTANT RESISTANT 
MENT TesteD GENERATION TestTeER PARENT PARENT TesSTER PARENT PARENT 
l 1956 So Oh51A XK Oh26D §:16"" Oh43 K Oh45A 13 .87** 
S; 3.99* 2.76* 
Se ii 2.34** 
2 1959 So (Oh51A X Oh26F) 19. 60** 
S. Oh26A KOh26D ) 8.66** 
Ss oF?" 
3 1959 So (Oh51A X Oh26F) X $5 .82** 
S, (Oh26A K Oh26D) 7 .66* 
S; 2.41** 
* A significant variance (columns 5 and 7) indicates measurable segregation for corn borer resistance in the generation indicated (column 3 
* Significant at .05 (odds at least 19 to 1 favoring genetic segregation) 


** Significant at .01 (odds at least 19 to 1 favoring genetic segregation) 


since heterozygosis is reduced by half from one selfed 
generation to the next. The statistical significance of the 
variances is of primary concern here. A significant residue 
of segregation remained in the S,and even in the 5;, which 
is somewhat surprising. The writers (1961) concluded 
from the ease of transferring resistance by backcrossing 
with selection that corn borer resistance was rather 
simply inherited. However, if there was an average of one 
effectual heterozygous locus in the $;, theoretically there 
should have been 2° or at least 32 effectual heterozygous 
loci five generations back in the So. The analysis of the 
basic gene action involved here is beyond the scope of this 
paper. However, ‘the number of genes conditioning re- 
sistance may vary in different resistant lines (Singh 1953, 
Ibrahim 1954, Penny & Dicke 1956, 1957). 

In the United States Department of Agriculture’s 
corn borer resistance program, lines usually are selected 
for several generations before they are critically evaluated 
for agronomic qualities in test-cross combinations. The 
significant segregation in the S; and $; generations sug- 
gests that whatever method of evaluation is used, it must 
be of sufficient economy so that it can be continued at least 
to the S; generation. Early test crosses may be of much 
value for the elimination of grossly undesirable cultures, 
but they could not be depended upon for predicting the 
corn borer resistance of individual isolates after several 
added selfed generations. 

Significant positive regression coefficients (b) and cor- 
relation coefficients (r) were obtained for corn borer leaf- 
feeding ratings of test crosses of the S: cultures (Oh51A 
x Oh26D, susceptible tester, and Oh43 x Oh45A, resistant 
tester), versus the comparable ratings of the S, cultures 
as such (fig. 1). The regression coefficients of the two 
groups are similar and indicate that a difference between 
cultures of 1 class in a 1- to 9-rating scale was associated 
with a difference of about 0.4 class in the corresponding 
test crosses. 

The correlation study was extended to include three 
combinations of three variables (table 3). The correlation, 
r=0.60, between S»’s and S»o’sXsusceptible tester (sus- 
ceptible test crosses) was significantly higher, at the 0.75 


level, than the correlation between the S.’s vs. So's re- 
sistant tester (r=0.46) and S.’sXsusceptible tester vs. 
So’s Xresistant tester (r=0.40). Therefore, the So's as 
such or the susceptible test crosses gave the best estimate 
of the relative genetic contributions of the S»’s to hybrid 
combinations. 

If the susceptible test crosses provide the best available 
measure of the genetic contributions of the So’s, then the 
direct evaluation of the S.’s as such was superior to the 
evaluation of the resistant test crosses (So's X resistant 
tester) because the S.’s were more nearly like the best 
available measure. The ratio 0.36/0.16 equals 2.25 and 
indicates an excess in coincident variation of 125°7 for 
the Se’s over the resistant test crosses. 

Similarly, if the So's provide the best available meas- 
ure, the susceptible test crosses were more nearly like the 
best available measure and were superior to the resistant 
test crosses (0.36 /0.21 equals 1.71 indicating an excess in 
coincident variation of 719% for the susceptible test 
crosses). 

The inferences are that the resistant test crosses 
added no information over that available from the S.’s 
and that the resistant test crosses were inferior to the 
susceptible test crosses. 

It is only a presumption that the information gained 
from the susceptible test crosses was superior in value to 
that gained from the So’s as such. But with effective 
segregation to be anticipated in each generation to the 
S; or later, it is no presumption that if a breeder were to 


Table 3.—Correlation data between three variables, each 
representing an evaluation of corn borer resistance of 40 S 
corn cultures, Wooster, Ohio. 





r? 
COINCIDENT 


VARIABLES r VARIATION 
So’s vs. So’sX sus. tester 0.60 0.36 
S»’s Vs. S.’s X res. tester 16 21 
S's sus. tester vs. So's X res tester 1 16 
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LEAF FEEDING RATINGS OF 40 So CULTURES 


Regression and correlation between leaf-feeding ratings of 40 So cultures from a 24-line synthetic variety and leaf-feeding 


ratings of the test crosses of these cultures 


depend upon test crosses, he would need to make and 
evaluate them after each selfed generation. Such a pro- 
cedure would be impractical as compared with the 
faster, easier, and more economical, direct evaluation of 
the cultures as such in the same populations from which 
selections are made. Test crosses could then be used to 
evaluate corn borer resistance when the lines were ap 


proaching homozygosis. 
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Kflective Range of Argon Glow Lamp Survey Traps for 
Pink Bollworm Adults! 


Harry M. Grauam,? Perry A. Guick,? and Jor P. HoLtuiNnasworrn? 


ABSTRACT 


Pink bollworm (Pectinophora gossypiella (Saund.)) adults re- 
sponded to a light trap equipped with three 2-watt argon glow 
lamps at distances up to 140 feet. The light intensity was re- 
duced about half by the apparatus used; therefore, the moths 
responded to an intensity equivalent to that produced by the 
trap at an unobstructed distance of approximately 200 feet 
Response at distances beyond 140 feet was not determined be- 


cause of inadequate facilities. 


The argon glow lamp trap is becoming increasingly 
useful as a survey and research tool for studying adult 
populations of the pink bollworm (Pectinophora gossy- 
piella (Saund.)) (Glick et al. 1956, Berry et al. 1959). 
Since a knowledge of the distance over which it is 
attractive to the insect is desirable, a study was con- 
ducted at Brownsville, Texas, to determine this factor. 

Mernops AND Marertiats.—The light trap used is 
shown in figure 1. The light source consists of three 2-watt 
General Electric AR-1° argon glow lamps. These lamps 
emit a peak radiation of 3,654 angstroms, in the near 
ultraviolet region of the spectrum, which has proved 
attractive to the pink bollworm and other species of 
Lepidoptera (Glick & Hollingsworth 1955). 

The apparatus used for determining the response of the 
moths to the light (fig. 2) consisted of a screen wire cage 
measuring 3 X 6X 4 feet covered with heavy tarred sheath- 
ing paper on the top, sides, and ends. The bottom was a 
sheet of }-inch Masonite. An opening 24X24 inches was 
made in the center of the tarred paper covering each end, 
Each of these end openings was covered inside the cage 

















LIGHT SOURCE 


RELEASE POINT 
x 


Fic. 2 Apparatus used to determine 


effec tive range of light trap 


with an electric grid measuring 3434 inches consisting 
of 0.108-inch steel wire spaced 9 32 inch from center to 
center, which did not greatly obstruct the light. In opera- 
tion, each grid was energized with approximately 3,000 
volts a.c. and was capable of electrocuting any moths 
contacting it. Pink bollworm adults were released in the 
center of the cage and allowed to disperse. Aftera vary ing 
period of time the dead moths found within 18 inches of 
each grid were recovered and counted. Observations 
indicated that most of the electrocuted moths were found 
within this area, whereas those dying from natural 
causes were near the release point in the center of the 
cage. A series of check tests was made to determine the 
dispersal of the moths without the light trap in operation. 
At the localities where the tests where made, considerable 
alteration of the surrounding environment was necessary 
before the check tests showed an equal distribution of 
moths. Apparently the moths were responding to very 
low light intensities from outside sources. When the 
numbers of moths taken at either end of the cage were not 
significantly different, the cage was operated with the 
argon light trap placed at different distances from one 
end. 

Tests of responses at distances to 70 feet from the 
light source were conducted at night in a darkened 
garage. Those at 140 feet were carried out at night with 
the same equipment in a darkened hangar made available 
by Pan American Airways at the Brownsville Interna 
tional Airport. Slightly different modifications of the 
surrounding environment were needed there, however. 
Facilities could not be found for determining the responses 
at distances greater than 140 feet when the same pro- 
cedures were used. The temperature during the test 
period did not drop below 70° F. and therefore was not a 
factor in inhibiting moth activity. 
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Table 1.—Response of pink bollworm moths to argon light 
trap at various distances. 








APPROXI 
MATE Per Cent or Recoverep Morus 
NUMBER NUMBER 
Licht Numserk or Morus or Morus At At Probability 
Distance or Hours Reveasep Recoverep Light Dark — of 1:1 Ratio 
FEET) OPERATED IN Cact IN Cact End End (Chi Square) 
Tests in Darkened Garage 
Check lz 100 28 69.6 30.4 
Check 12 100 31 54.8 $5.2 P<0.25 
Check 12 100 tt 54.5 $5.5 
5 0.25 150 70 OL.4 8.6 P<0.005 
10 12 100 67 95.5 +.5 P: 005 
16 12 150 RS 100 0 P< 005 
+”) 12 100 78 91.0 9.0 P< 005 
0 | izo 5S Obs 5.2 
0 lz 100 tS} 66.7 8 P<0.005 
0 ( 100 2ti 88.5 11.5 
Test firplane Hangar 
Check l 150 63 Ty ot) 
Check IZ 150 77 7 oe) 15.5 P<0.25 
Cheek s 150 6h 7.8 $2.2 
Check s 150 62 34.58 $5.2 
140 N 100 ‘4 67.6 32.4 
140 s 100 3 63. ¢ sh. 4 P<0.005 
140 S O00 147 68.7 $1.8 
Resuuits.The summarized data in table 1 indicate 


response to the light trap at all distances tested. The 
check tests, although not recovering a significantly higher 
proportion of moths at either end of the cage, did indi- 
cate a slight trend toward higher numbers at the end 
where the light trap was operated. This was probably the 
result of more outside light being visible at this end, 
since the other end was near a darkened wall in both 
locations. 

It appears that the response to the light decreased at 


\ctivity of Larvae and Pupae of the 


Crype A. RicuMonp and Epcar W 


ABSTRACT 


Larvae and pupae of the pink bollworm (Pectinophora gossy- 


plella (Saund were cither placed on the surface or buried at 
different depths in eight types ol soil contained in glass-walled 
observation boxes. Larvae placed on the soil surface burrowed 
very little and spun cocoons incorporating debris or soil particles 
A few buried larvae lived for more than 280 but less than 360 
days The movement of buried larvae was erratic but with a 
general upward trend. Higher soil moistures brought about in 
creased mortality and decreased activity among buried indi- 
viduals. The 
conditions that resulted in a high mortality. Of those individuals 


crust formed by irrigation caused very adverse 


buried, 4.7% reached the surface 


studies of overwintering larvae of the pink 
buried in 


In the past, 
bollworm (Pectinophora gossy prella (Saund.)) 
the soil have been confined to a determination, under 
field conditions, of the percentage of survival and time 
and rate of adult emergence. For these studies the adults 
were trapped (Chapman ef al. 1960). The laboratory 
studies reported herein were made to observe the activity 
of the pink bollworm placed on and buried beneath the 


soil. 


GRAHAM ET 41.: RANGE OF TRAPS FoR PINK BoLLWoRM ADULTS 


Crark, Entomology Research Division, 


140 feet, since the proportion of the moths taken at the 
end of the cage away from the source of light was greater 
at this distance than at the shorter distances. Measure- 
ment of radiation intensity in the near ultraviolet region 
of the spectrum showed that the screen cage reduced the 
intensity of incident radiation by about half. Radiation 
measurements at different distances from the argon trap 
indicated that the three argon glow lamps functioned as a 
point source of radiation at distances greater than ap- 
proximately 15 feet. Since’ radiation intensity from a 
point source varies inversely with the square of distance, 
the intensity within the cage at 140 feet from the source 
was equivalent to that which would be present approxi- 
mately 200 feet from an unscreened source. 

Although no actual measurements were made, there 
appeared to be a direct relationship between the speed of 
response by the moths and the nearness of the light 
source. At 5 feet the moths appeared to move directly 
toward the light and a high proportion responded in a 
very short time. However, the response at greater dis- 


tances became conspicuously slower. 
REFERENCES CiTED 


Berry, N. O., F. L. Blanc, and Scott M. Klopfer. 1959. Pink 
bollworm detection in California. California Dept. 
Agric. Bull. 68: 211-18. 

Perry A., and Joe P. Hollingsworth. 1955. Response 
of moths of the pink bollworm and other cotton in- 
radiation. 


Glick, 


certain ultra-violet and visible 
Jour. Econ. Ent. 48(2): 173-7. 


Perry A., Joe P. Hollingsworth, and W. J. Eitel. 


1956. Further studies on the attraction of pink boll- 


sects to 
Glick, 


moths to ultraviolet and visible radiation. 


Econ. Ent. 49(2): 158-61 


wort 


Jour 


Pink Bollworm Subjected to Burial! 


fgric. Res. Serv., U.S.D.A.,2 Brownsville, Texas 
ProcepurE.— Mature, nondiapause fourth-instar lar- 
vae were collected from cotton blooms and green bolls. 
Diapause larvae, both free and in double seed (two seeds 
webbed tightly together by a larva), were obtained from 
infested seed cotton collected in the fall and stored during 
the winter at approximately 15° C. Pupae were obtained 
from the above larvae confined in paper-filled petri dishes 
held at 27°. Experiments were conducted in glass-walled 
12512 inches, inside 
made of 1-X2-inch 


‘ ; 3 
observation boxes Measuring 4 
dimensions. The 
redwood with grooves to hold the glass panes. Black 


box frames were 


cardboard, sliding in grooves in the frame outside the 
glass wall, discouraged phototactic responses. The boxes 
were fitted with redwood tops to prevent larvae and 
emerging adults from escaping. 

Larvae and pupae were buried at depths from 0.5 to 8 
inches in the following soil types: Nueces fine sand, 
Amarillo fine sandy loam, MeLain silt loam, Nacog- 
doches fine sandy loam, Bowie fine sandy loam, Nacog 
doches gravelly sandy loam, Beaumont clay, and Cameron 
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clay. Dry and moist soil conditions were maintained, the 
latter by periodically adding distilled water to simulate 
0.5 to 1 inch of rainfall. No problem was encountered in 
burying the pupae, but as the larvae crawled actively 
they had to be positioned by wrapping lightly in a tuft of 
absorbent cotton cellophane-taped to the glass wall at the 
predetermined burial depth. Taping did not interfere with 
the activity of the larvae but merely deterred them 
sufficiently to allow burial. 

Two groups of experiments were carried out in these 
observational studies. In the first group, both nondiapause 
and diapause larvae and pupae were observed very closely 
for periods up to 96 days for the larvae and 48 days for 
the pupae, or until all individuals in the box died or 
reached the surface as adults. In the second group, which 
involved only diapause larvae, both free and in double 
seed, the experiments were designed to cover a period of 
14 years and observations were made at irregular inter- 
vals up to 550 days to determine the maximum survival 
time and activity of these larvae. At the end of each 
experiment, the soil in each box was removed and either 
examined dry in an enamel pan or washed through a 
sieve to recover any individuals lost from view because of 
their activity. 

Observations were made through the glass pane by 
removing the cardboard for short periods of time. During 
the daytime, daylight and fluorescent lights were used 
when making the observations. Nighttime observations 
were made with a ruby-red bulb (8 candlepower) since 
insects are generally not stimulated by light in this end 
of the visual spectrum. Observations were carried out in 
an air-conditioned laboratory maintained at 27° C. and 
approximately 60°% relative humidity. 

Resutts.—Larvae.—Observations were made on a 
total of 350 diapause larvae under the conditions de- 
scribed, 204 larvae in the first and 146 in the second 
(long-term) group. A few of the larvae in the second 
group were found alive after being buried 281 days (in one 
box, 6 out of 10 larvae were alive in well-defined earthen 
cells in Cameron clay), but none were found alive after 
burial for 360 days. 

In spite of the thin cross-section of soil ({-inch thick), 
the activities of the buried larvae were difficult to follow. 
Much of the larval movement seemed without pattern or 
orientation with respect to soil surface, gravity, or other 
stimuli such as contact with an object. Some individuals 
crawled to or toward the surface, even making well-de- 
fined tunnels (at times lined with webbing) ; others seemed 
to wander aimlessly. One Jarva was observed to travel a 
total of 36 inches up and down a 5-inch vertical tunnel 
that it had made through sand before it finally came to 
rest near the surface and eventually died. The larvae were 
capable of tunnelizg considerable distances, several as 
far as 15 inches. Just how deep larvae would go was not 
determined owing to the limitation of the box, but several 
did burrow to the maximum depth, 8 inches. The greatest 
number (70.8%) built cells at or near the burial site, at 
times lining them with a thin web. A few of these cell 
builders later left their cells and moved about, some 
building new ones at a similar depth, and others returning 
to the original ones. Just prior to pupation (possibly in the 
prepupal period), many larvae became active and, after 
moving about, built cocoons and pupated. 


Larvae in double seed did not always remain there 
after being buried, since some commenced wandering 4 
to 5 days after burial. In moist soils, larvae tended to 
leave as the double seed rotted; the remainder reinforced 
their webs to offset the loss of the protective seed coat. 

Much movement occurred among the larvae placed on 
the soil surface, including some burrowing and resurfac- 
ing. Those placed on the surface without debris crawled 
about for as long as 6 days before finally spinning cocoons 
into which soil particles were incorporated. One larva 
intermittently crawled on the surface for 40 days and 
finally died. When surface debris was present, larvae 
webbed in it within 3 hours. Activities of nondiapause 
larvae, although similar to those of diapause larvae, were 
more pronounced and more rapid. These differences were 
undoubtedly because of the drive to pupate, which usu- 
ally occurs 2 to 10 days after completion of feeding. 
Observations made at night under a red light indicated 
that the nocturnal activity of the larvae was the same as 
the daytime movement. 

With respect to larval movement, the several soil 
types used could be grouped into sand, sandy loam, and 
clay, with much more movement occurring in the lighter 
soils. In sand, 36.6°% of the larvae left the burial site, and 
of these 62.5% went upward and 37.59% tunneled down- 
ward. In sandy loam, 30.3% left the burial site, of which 
56.8% went upward and 43.20% downward; the larvae 
did much erratic wandering. In clay, 24% moved, of 
which 40% went upward and 25°, downward. 

Soil moisture had a definite effect on the larvae, both in 
mortality and activity. The activity rate was least and 
the mortality rate greatest in soils with a high moisture 
content. Under this condition a large percentage of the 
larvae remained at the burial position where, although 
metamorphosis may have occurred, they eventually died. 
Pupation was deterred. In clay or coarse sandy soils that 
puddled or packed when irrigated, larval movement was 
greatly retarded, the process of pupation was often 
stopped, and adults from observable, surviving pupae 
either emerged from the pupal cases partially or not at all. 

Of the 350 larvae observed, 379% pupated. However, 
from the pupae only 22° emerged as adults, of which 
5.4% reached the surface. Those moths reaching the 
surface were from larvae that pupated on or immediately 
beneath the surface after crawling from the following 
situations: In dry sand, five from the 5-inch depth; in 
irrigated sand, one from the 4-inch depth; in irrigated 
sandy loam soil types, one from 1 inch, two from 2 inches. 
two from 3 inches, one from 33 inches, two from 4 inches, 
and five from 6 inches. More than 50°7, of the larvae in 
irrigated sandy loams reached the surface via cracks. 

Pupae.— There were 295 pupae buried at the different 
depths. Most of these pupae developed and the moths 
emerged from the pupal cases. No cause was determined 
for the pupae that died, but the mortality rate was higher 
in moist soils. Only 4% of the moths from buried pupae 
reached the surface. These were as follows: Through dry, 
loose, sandy loam, seven moths from the 1-inch depth; 
through loose, heavy clay, three moths from the 1-inch 
depth; through irrigated sand, one from the 1-inch depth, 
and one escaped through a crack created by a sprouting 
plant from the 83-inch depth. Most of these moths that 
escaped from the soil were weak and in poor physical 
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condition since they had lost scales (particularly alar), 
bristles, and even tarsal segments and parts of the anten- 
nae. 

In general, with the exception of dry, loose, friable 
soils, moths emerging from pupae buried more than one- 
half inch below the surface of the soil had little chance of 
reaching the surface. No moths reached the surface of a 
soil type that formed a crust through wetting and subse- 
quent drying. Moths were observed crawling several 
inches horizontally immediately beneath the crust in 
unsuccessful attempts to escape. The moths had a tend- 
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ency to place themselves against a surface, such as a 
glass wall or a hard object, and then by using their wings 
and legs, to make cavities and/or tunnels. These move- 
ments were not necessarily oriented in respect to the 
surface and many times seemed completely at random. 
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Evaluation of Stalk Shredders and Cutters for 
Pink Bollworm Control 


A. J. Cuapman, O. T 


ABSTRACT 


Experiments were conducted during the period 1951-57 to 
evaluate the effectiveness of several cotton stalk shredders in 
killing potential overwintering larvae of the pink bollworm 
Pectinophora gossypiella (Saund in crop residues after har- 
vest. Most of the shredders then commer ially available were 
tested on green cotton stalks in the lower Rio Grande Valley of 
Texas. In seven experiments, the reductions in adult emergence 
resulting from the shredding operation averaged 70% for verti 
cal-flail shredders, compared with 54% for horizontal 
models. A roller cutter was almost entirely ineffective. In an 


blade 


other experiment, shredding with several adaptations of a verti- 
cal-flail model resulted in reductions of 94% to 98%. 


The pink bollworm (Pectinophora gossypiella (Saund.)) 
overwinters in the larval stage. These larvae, which enter 
the diapause or resting stage, may either remain in the 
seed in which they have developed or drop to the ground 
and spin cocoons in debris or soil. Those larvae in waste 
cotton remaining in the field after harvest constitute the 
major potential carryover to the next crop. Therefore, it 
is beneficial to remove as much of the cotton as possible 
at harvest and to use any practical methods of destroying 
larvae in the crop residue to decrease the overwintering 
population. 

It has long been recognized that field cleanup such as 
raking and burning the stalks, shattered bolls, and locks is 
very effective in reducing the larval population. However, 
such extreme methods are costly. Further, tt is desirable 
to plow under the plant material for soil improvement. 
The most economical practice is to shred the stalks into 
small pieces, a process that mechanically kills the larvae 
in the crop residue, leaving this material evenly dis 
tributed on the surface and thus aiding a thorough 
plow-under. 

Many models of shredders that can be used on cotton 
stalks have been developed by manufacturers in recent 
years and have largely supplanted the older type of 
machine known as a roller cutter. The experiments re 
ported herein were conducted during the period from 
1951 through 1957. Most of the shredders then com 
mercially available were tested to determine their effee 
tiveness in killing pink bollworms. 


Roserrson, and L. W. Nose, Entomology Research Division, Agric. Res. Serv., U.S.D_A.,2 Brownsville, 


Texas 
Macuine Types Testep AND Procepure.—Three 
types of stalk cutters were used in the experiments: The 
roller cutter, the horizontal-blade-type shredder, and the 
vertical-flail-type shredder. The roller cutter consists of 
horizontal blades mounted on spokes radiating from 
hubs on a horizontal axis that form a cylindrical wheel 
with the cutting edges of the blades on its circumference. 
As the machine moves forward, the blades of this wheel, 
which are rotated by ground traction, cut the stalks into 
pieces by means of the weight applied against the soil. 
The horizontal-blade type of shredder utilizes blades 
attached at right angles to a vertical shaft that is driven 
by the power takeoff from a tractor. The blades, rotating 
in a horizontal plane, extend across two rows of stalks. 
The vertical-flail shredder is powered similarly to the 
horizontal-blade type described above but is equipped 


with free-swinging hammers or knives that revolve 
vertically. These numerous hammers or knives are at- 


tached to a horizontal shaft that extends across two 
rows of stalks and rotates in the reverse direction from 
that of the tractor wheels. 

Kight different experiments were conducted in fields 
where the crop had been harvested by hand picking. All 
the experiments except one compared the effectiveness of 
different machines, as shown in table 1. This one excep- 
tion compared different adaptations of a single machine 
(vertical-flail). 

The effectiveness was measured by the difference in the 
number of moths emerging from samples of boll material 
collected before and after stalk cutting or shredding on the 
same plots, or from replicated check and treated plots. 
These samples, before and after treatment, consisted of 
all boll material from areas of equal size at a number of 
points in each of the different plots. The samples of 
material were placed in cages equipped with traps for 
recovering the moths and held under favorable tempera- 
ture and moisture conditions for insect pupation and 
emergence. The traps were examined and the number of 
moths recorded daily during the emergence period. 

RESULTS. Reductions — in 


Machine Types. adult 
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Table 1.—Reduction in pink boilworm moth emergence 
resulting from stalk destruction with a roller cutter and sev- 
eral types of shredders, 1951-56. 
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Table 2.—Reduction in pink bollworm moth emergence 
resulting from stalk shredding with several adaptations of 
model I, a vertical-flail-type shredder, 1957. 





NumBer or Morus 
EMERGING YEAR AND 
Repuction 
YEAR AND Before After or Morus 
Experiment Type or Macnine aNd Monet Cutting Cutting / 


1951 
Roller cutter \ 161 140 13.0 
B 129 33 74.4 
1 Horizontal-blade shredder | ¢ 100 59 41.0 
D 345 40 88.4 
Vertical-flail shredder I 16 45 73.0 
Roller cutter \ 1,049 971 7.4 
Horizontal-blade shredder B 1,049 545 8.2 
Vertical-flail shredder b 1,049 731 10.5 
Roller cutter \ } ite) 24.0 
3 ( ( > 5 
Horizontal-blade shredder jy 1018 -— ae 
Vertical-flail shredder G 904 277 69.4 
1953 
B 716 $55 + 
( 575 61 x7. 2 
$ Horizontal-blade shredder H 601 IS4 69.4 
Vertical-flail shredder I 1 277 61.4 
1954 
P etme . 
5 Horizontal-blade shredder [fF 3:84 2.15 38. 
1956 
6 Horizontal-blade shredder I 1,185 588 50.4 
Vertical-flail shredder I 1,185 231 80.5 
7 Horizontal-blade shredder H 235 148 37.0 
Vertical-tlail shredder I 235 9 83.4 





pink bollworm emergence resulting from the use of the 
different machines are shown in table 1. The roller cutter 
was the least effective in reducing the population in all 
experiments in which it was used, with an average reduc- 
tion of about 15%. Mortality from the vertical-flail 
shredders usually was higher than that from the horizon- 
tal-blade type. However, considerable variation was 
encountered between experiments, with a horizontal- 
blade machine resulting in kill equal to or higher than 
that of a flail type in some instances (experiments 1, 2, 3, 
and 4), The average moth reduction in experiments 
affording a comparison of the two shredder types was 
about 70% for the flail machine and 54% for the horizon- 
tal-blade models. These percentages were similar to those 
observed in more recent tests by Adkisson ef al. (1958 
and Wilkes et al. (1959). 

Different Adaptations of a Vertical-Flail Type.—The 
vertical-flail shredder, model I, that was compared with 
model H in experiments 6 and 7 (table 1) was used alone 
in another experiment. The original manufacturer’s model 
of this machine was designed to chop and load fodder for 
ensilage. It may be converted to a cotton-stalk shredder 
(model I) by removing the loading tube. Also, model I 
may be operated with the top plate attached at a 45° 
angle so that the shredded material is blown out from 
the top of the machine, or with the plate closed so that 
the material passes out from underneath. An experiment 
was conducted on the 1957 crop to determine the pink 
bollworm kill from treatments with these two adaptations 
and with the loading tube. A fourth treatment consisted 
of operating the shredder over the rows twice in the same 
direction with the top plate at a 45° angle. For all treat 
ments the machine was operated with the tractor in first 


gear and at a ground speed of about 2 m.p.h 


NUMBER Repvuction 
or Morus FROM CHECK 
TREATMENT EMERGING / 
lop plate at 45 89 96.66 
lop plate closed 6 97.6 
Pop plate at 45° — two operations in same direction 161 93.95 
Material from tube It 
Willi nadine Gibe Material remaining on ground Th 
Potal 70 97 
Bolls on stalks 2,561 
sits rround 9 
hintieatad’ clasal Bolls on ground 8 
Potal » 659 





The adult-moth emergence indicated no marked differ 
ence in larval kill between adaptations of the machine 
(table 2). Also, a second shredding did not increase the 
kill over the first one. The kill ranged from 94°7, to 9807, 
which was higher than that obtained in previous experi- 
ments (table 1, experiments 6 and 7). A probability that 
the kill was influenced by tractor speed becomes apparent 
when the single shredding with the top plate at 45° 
(table 2) is compared with similar treatments in which the 
tractor was operated in third gear at a ground speed of 
about 4 m.p.h. (experiments 6 and 7, table 1). Wilkes 
et al. (1959) reported that the effectiveness of this 
machine was reduced slightly when the ground speed was 
increased from 1.7 to 2.5 m.p.h. 

Discusston.— The amount of infested cotton left in the 
field after harvest and the proportion on stalks and the 
soil surface may differ greatly between fields, which may 
be a factor influencing the effectiveness of shredders. The 
proportion on the soil at the time of the shredding 
operation is further increased by boll shatterage as the 
machine passes over the stalks. The vertical-flail shredder 
creates sufficient suction to lift such free material. This 
suction undoubtedly accounts for part of the superior 
pink bollworm kill obtained from the flail type. However. 
a second operation, tested on the assumption that. it 
would increase the kill, failed to verify this superiority 
(table 2). The kill from the initial shredding was so high 
that the effectiveness of a second run was difficult to 


measure. The untreated check samples showed that 
about 9607 of the larval population in this experiment 
was in green and open bolls on the plants, the remainder 
being in dry bolls and locks on the soil surface. 

All these experiments utilized green stalks with some 
green bolls, but usually very few. Experiments conducted 
after frost are needed to determine if the shredding opera 
tion.is equally effective on dead plants with all bolls fully 


open or dry . 
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Carbamate Insecticides and Ali-Esterase Activity in Insects' 


Freperick W. Puarpp, Jr 


ABSTRACT 


indicated that 
aliphatic esterase a¢ tivity, like acety lcholinesterase, is suscept- 


Studies with the house fly (Musca domestica L 


ible to inhibition both cn ezdro and in vitro by the insecticidal 


carbamates Sevin® (1-naphthyl V-methylearbamate) and Iso- 


lan 5-(1-isopropyl-3-methylpyrazolyl) dimethylearbamate 

\li-esterase activity in the mosquito Culex tarsalis Coq. differed 
in not being inhibited by either of the carbamates studied. In 
contrast to the pattern exhibited by organophosphorus-resistant 
strains of house flies, markedly lower levels of ali-esterase ac- 
not found to be related to carbamate-resistance in 


tivity were 


this insect 


Recent work (Asperen & Oppenoorth 1959, Bigley & 
Plapp 1960) has shown that reduced levels of ali-esterase 
(Ali-E) activity to substrates such as methyl n-butyrate 
are characteristic of a number of strains of the house fly 
(Musca domestica L.), that possess resistance to one or 
more organophosphorus insecticides. In a separate study, 
Oppenoorth (1959 that low 
Ali-E and organophosphate resistance in the house fly 


demonstrated genetically 


were dependent on one and the same autosomal gene. 
Carbamate insecticides are known to be similar in many 
ways to the organophosphorus insecticides. Both groups 
of compounds are cholinesterase (ChE) inhibitors. Selec 
tion of house flies with carbamates under laboratory 
conditions usually induces cross-resistance to organophos- 
phates as well as to other carbamates (Georghiou et al. 
1961 


organophosphates also imduces cross-resistance to car 


As discussed by the same authors, selection with 


bamates as well as to other phosphates. In addition, 
selection with either carbamates or organophosphates may 
induce high levels of resistance to chlorinated materials 
such as DDT and dieldrin (Meltzer 1958, March 1959), 
although this is not necessarily true for all cases (Meltzer 
1956, Georghiou ef al. 1961 
that some carbamates inhibit ali-esterases of rat brain and 


Further, it has been shown 


of certain bacteria (Myers ef al. 1957). The occurrence of 
these similarities prompted the authors to investigate the 
relationship between Ali-E activity and the effects of 
insecticidal carbamates. 

Merruops. 


(1-isopropyl-3-methylpyrazolyvl) dimeth 
N-methylearba 


MATERIALS AND Carbamates. Teehnieal 
grade Isolan® (5 
and Sevin 


viearbamate (1-naphthyl 


mate) were used as received from the manufacturer. Both 
materials were prepared as acetone solutions. Owing to 
their pronounced instability in this solvent, fresh samples 
were prepared daily. Eserine, as eserine sulfate U.S.P., 
was obtained locally and tested as an aqueous solution, 

Insects. 
periments were a strain of the Orlando Regular Colony 


The suse ptible house flies used in these ex- 


maintained in our laboratory for a number of years with 
A strain of flies slightly 
resistant to Isolan was developed from the Orlando 
Regular Colony by feeding Isolan at 100 p.p.m. in equal 
parts of powdered milk and sugar to newly emerged adult 
flies. The insecticide-contaminated food was left in the 
cages until approximately 50°% mortality was obtained. 


out exposure to insecticides. 


By this method a level of 2-fold resistance based on a 


7% 


and Watrer S$. Biguey,? Entomology Research Division, Agric. Res 


Serv., U.S.D.A. 


topical method of bioassay was obtained in nine genera- 
tions. The Stauffer susceptible strain and a Sevin-resistant 
strain developed from it were obtained from the Univer- 
sity of California at Berkeley. Resistance in the colony 
selected with Sevin has been maintained by feeding Sevin 
at 1,000 p.p.m. in the diet to newly emerged adults as was 
done with Isolan. This strain has approximately a 10-fold 
resistance to Sevin at the LD-50 level as determined by 
exposing 2- to 4-day-old adult females to acetone-depos- 
ited films of Sevin in pint-sized glass jars. In addition to 
the work with house flies, several experiments were per- 
formed with fourth-instar larvae of the mosquito Culex 
tarsalis Coq. using an insecticide-susceptible strain main- 
tained in our laboratory. 

Determinations of in vitro Anti-esterase Activity.—The 
inhibition of house fly ChE and Ali-E activity by Sevin, 
Isolan, and eserine was determined using the colorimetric 
method of Hestrin (1949). Known amounts of the inhibi- 
tors were pipetted into test tubes and the solvent evapo- 
rated. House fly head homogenates prepared to a concen- 
tration of one head per milliliter or fly body (thorax plus 
abdomen) homogenates prepared at a concentration of 
two bodies per milliliter by homogenizing in pH 7.2 
phosphate buffer were added to the tubes and the mixture 
for 15 minutes. One milliliter of 
10°-* M) or methyl n-buty- 
M) was then added to the tubes containing 


Qro 


incubated at 37° C 
acetylcholine bromide (2.5 > 
rate (4 10 
head or body brei, respectively, and the tubes were incu- 
bated for an additional 15 minutes. Hydroxylamine was 
added to quench the reaction and the remaining substrate 
was determined colorimetrically. Similar experiments 
Ali-E using tributyrin 
M) asa substrate. Details of the procedure have 


were performed on house fly 
(1X10 
been described in previous reports (Robbins et al. 1958, 
Biglev & Plapp 1960). 

In the mosquito experiments the anti-ChE and anti- 
Ali-E activities of Isolan and Sevin were determined using 
acetylcholine and tributyrin at the same molar concentra- 
tions as described previously as substrates. Samples were 
prepared by homogenizing larvae in phosphate buffer to a 
final concentration of 10 insects per milliliter for both 
ChE and Ali-E determinations. 

In vivo Anti-esterase Activity.-The general method of 
Mengle & Casida (1958) was followed in measuring the in 
vivo anti-ChE and anti-Ali-E activity of Sevin and Isolan. 
Flies were treated topically on the tip of the abdomen 
with the toxicants in acetone solutions at a predetermined 
LI)-50 and the per cent of normal (pretreatment) ChE 
and Ah-E activity determined at several intervals after 
treatment. The substrate protection technique described 
by Asperen (1958) in which samples of treated flies 
were homogenized directly in substrate to prevent further 


Portions of this paper were presented at the Pacific Branch meetings of the 
Entomological Society of America in Spokane, Wash., June 30, 1960, and at the 
XIth International Congress of Entomology in Vienna, Austria, August 19, 
1960. Accepted for publication January 24, 1961 
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the Sevin-resistant strain of flies used in some of the experiments described in 


this paper 
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Table 1.—Activity of various house fly and Culex tarsalis homogenates in hydrolyzing substrates employed in this study. 





Torat Amount Hypro.iyzep/15 Minutes/ Mu. sy tue Various Insect 


Moar 


SUBSTRATI 


HomoGENates Usrp* 


House Fly 


Culex tarsalis 


CONCENTRATION In vitro In vivo In vitro 


Acetylcholine 2.5X10 1.15 uM (46 1.25 uM (50 1.03 uM (41 
Methy! n-buty rate i xX 1.56 uM (39) 1.84 uM (46 No hydroly sis 
Tributyrin 1 X10 0.39 uM (39 0.45 uM (45 





® Per cent given in parentheses 


inhibition of the enzymes during the course of sample 
preparation was used in all experiments. Methyl n-buty- 
rate was used as the substrate for all in vivo determina- 
tions of Ali-E activity. The amounts of substrate used for 
protective homogenization were the same as those em- 
ployed in the in vitro experiments, e¢.g., equal amounts of 
house fly head homogenates containing one head per ml. 
and acetylcholine bromide at a concentration of 2.5 X 10 
M were used. 

Comparisons of Esterase Activity in Susce ptible and 
Carbamate-Resistant Strains.—Quantitative determina- 
tions of ChE and Ali-E in the resistant strains were made 
on the Sevin-resistant flies as received and after several 
generations of further exposure to insecticides. In the 
colony of flies in which a low amount of resistance to 
Isolan had been developed, determinations of esterase 
activity were made on a number of generations. The 
measurements were made on newly emerged adult female 
flies and the levels of enzyme activity were compared with 
those of susceptible flies of the same age. The remainder of 
the population was then exposed to insecticide as de- 
scribed previously.. Separate studies (Bigley & Plapp 
1961) have shown that the same relationship of levels of 
ali-esterase activity in resistant and susceptible flies exists 
in newly emerged individuals as is found in the 2- to 
t-day-old populations utilized in other experiments. 

Resuits.—Data showing the amount of hydrolysis of 
the various substrates employed in this study are pre- 
sented in table 1. In general, the amounts of insect tissue 
and substrate employed were adjusted so that slightly 
less than half the available substrate was hydrolyzed in 
the 15-minute period used. As mentioned previously, 
there was no demonstrable hydrolysis of methyl! -buty- 
rate by mosquito larval homogenates, although the 
related tributyrin was readily hydrolyzed by this insect. 


Table 2.—The in vitro inhibition of adult house fly ChE 
and Ali-E activity by Isolan, Sevin, and eserine sulfate. 





Per Cent NormMat Enzyme Activity 


Aliphatic Esterase 


CARBAMATES Cholinesterase Methyl! n-butyrate lributyrin 
uG. PER 
TUBE) Isolan Sevin Eserine Isolan Sevin Eserine Isolan Sevin 
10 89 
3 6 29 28 37 
1 21 32 95 28 +6 
0.3 22 21 34 42 +9 58 
1 28 33 0 64 67 88 85 86 
03 41 45 a | 77 4 89 
ol 75 73 6 101 94 100 1038 100 
003 65 89 
001 89 95 12 





The in vitro inhibition of house fly ChE activity using 
acetylcholine as a substrate, and of Ali-E activity, as 
determined using both methyl n-butyrate and tributyrin 
as substrates, is shown in table 2. The data show that 
house fly Ali-E, like ChE, is susceptible to inhibition by 
Sevin and Isolan. Approximately 2 ug. of both Sevin and 
Isolan (about 107° M) were required to produce 50° 
inhibition of Al-E activity under the conditions em 
ployed. This amount is about 10 times greater than that 
required to inhibit ChE activity. As previously reported 
in the literature (Asperen & Oppenoorth 1959, for ex- 
ample) eserine did not inhibit the Ali-E, although it was a 
much more powerful inhibitor of ChE tn vitro than was 
either of the carbamates studied. 

The results obtained upon measuring Ali-E activity to 


Table 3.—The in vitro inhibition of ChE and Ali-E activity 
in fourth-instar larvae of Culex tarsalis by Isolan. 





Per Cent Normat Enzyme Activity 





ISOLAN 
uc. PER TUB ChE Ali-E 
10 9 9] 
3 17 93 
I 28 95 
0.3 59 Ot 
l $2 95 
03 96 95 
Ol 9S 99 
003 102 106 
* Aliphatic esterase activity determined using tributyrin as a substrate 


Table 4.—The in vivo inhibition of ChE and Ali-E in house 
flies treated topically with LD-50’s of Isolan and Sevin. 





Per Cent Norma Enzyme Activity AND 
SYMPTOMOLOGY® 





Hours Isolan Sevin 
APTER 
TREAT- Symp- Symp 
MENT ChE Ali-E toms ChE Ali-E toms 
0.25 16 11 p 39 4+ i 
5 17 13 P 25 1) H 
I 16 22 § 3 13 H—P 
2 20) 30 P 34 ts H—P 
1 $2 40 H 4] 38 H 
24 83 67 N 76 59 N 
* N-—-flies appeared to be normal; H--hyperactive; P-— paralyze: 


» Flies treated with 1.2 /ug. Isolan per fly 


Flies treated with 4/ug. Sevin per fly 





trib 
res] 
pro! 
n-bi 
whi 
tic | 
of t 
hivd 
As] 
bili 
Tho: 
enz 
SUS 
ano 
flies 

| 
evi 
ITLS¢ 
cap 
tril 
In 
of I 
(tal 
shig 
rea 
duc 
req 
hot 

I 
Ali 
Sey 
tol 

\ 
mil 
inh 
Sur 


CON 





August 1961 


Pape & BicLEY: CARBAMATES AND ALI-EsTEeRASE ACTIVITY 


795 


Table 5.—Esterase activity and insecticide resistance in colonies of the house fly selected with carbamate insecticides. 





ISOLAN-SELECTED COLONY 


Esterase Activity (per cent of 
normal strain) 


Resistance Expressed 
as LD-50 Selected 


Sevin-Resistant CoLony 


Esterase Activity (per cent of 
normal strain) 


Strain/LD-50 


(JENERATION ChE Ali-E Normal Strain Generation ChE Ali-E 
F 95 75 F 100 87 
FE 100 107 ] F; 90 83 
F, 114 105 l F 100 89 





tributyrin provide evidence that at least two enzymes are 
responsible for the hydrolysis of this substrate. One, 
probably the same as the enzyme-hydrolyzing methyl! 
n-butyrate, was inhibited by the carbamates. Another, 
which was responsible for about 30% of the total hydroly- 
tic activity against tributyrin, was not inhibited by any 
of the materials used. The occurrence of two ali-esterases 
hydrolyzing butyrate esters was indicated earlier by 
Asperen & Oppenoorth (1959) who noted that the varia 
bility in decline of Ali-E activity in resistant flies could 
most easily be explained by assuming the presence of two 
enzymes, one present in approximately equal amounts in 
susceptible and organophosphate resistant flies and 
another being present in much lower amounts in resistant 
flies. 

Experiments with Culex tarsalis provided additional 
evidence for the presence of at least two ali-esterases in 
insects. In this species there appears to be no enzyme 
capable of hydrolyzing methyl x-butyrate, although 
tributyvrin is readily hydrolyzed by larval homogenates. 
In experiments in which the 7 vtro anti-esterase activity 
of Isolan against mosquito ChE and Ali-E was determined 
(table 3), it was found that Ah-E activity 
slightly inhibited. ChE activity, 


readily inhibited, although the amount required to pro 


Was only 


on the other hand, was 


duce 50°) inhibition was about 10-fold greater than that 
required to produce the same amount of inhibition of 
house fly ChE. 

Data on the 7 vivo inhibition of house fly ChE and 
Ali-E in surviving flies following treatment with Isolan or 
Sevin are presented in table 4. Both enzymes were found 
to be inhibited readily by the carbamates used. 

With Isolan, treated flies were paralyzed within 15 
minutes of the time of treatment and maximum levels of 
inhibition of both enzymes occurred at the same time. 
Survivors in the population of treated flies slowly re 
covered from poisoning and this recovery was paralleled 
by a return toward normal activity on the part of both 
affected enzymes. 

Treatment with Sevin produced a less rapid knockdown 
of treated flies and a correspondingly slower rate of 
enzyme inhibition. As was the case with Isolan, a recovery 
of both affected enzymes from the state of maximum 
inhibition occurred as survivors of the treatment recoy 
ered from the effects of the insecticide. 

The data presented show that the pattern of inhibition 
of both Ali-E and ChE activity is quite similar. No gross 
differences in inhibition were observed that could more 
closely relate inhibition of either enzyme with the symp 
toms of poisoning. The most consistently noted difference 
was that the inhibition of the Ali-E appeared to be some- 


what less reversible than was ChE inhibition. This is in 
contrast to the pattern seen previously in flies treated 
with parathion (Plapp & Bigley 1961) in which the inhibi- 
tion of the Ali-E was much more rapidly reversed than 
was ChE inhibition. 

The data available at the present time on the relation- 
ship of resistance to lower levels of Ali-E activity in the 
colonies of flies pressured with Isolan and Sevin are 
presented in table 5. Nine generations of pressuring with 
Isolan have produced a colony about 2-fold resistant to 
this material with, as vet, no indication that any highly 
resistant individuals are present in the selected popula- 
tion. Both Ah-E and ChE determinations have been 
somewhat variable in comparison with the susceptible 
strain, but at the present time the results fail to indicate 
that lower levels of this enzyme and resistance are related. 
It may be noted that the amount of resistance to Isolan 
present in the Isolan-selected strain is comparable to that 
present in colonies selected with parathion and malathion 
in our laboratory, in both of which Ali-E levels are less 
than half those of the susceptible strain. 

When the Sevin-resistant colony was first obtained, it 
was found that Ali-E activity was 87% of that in the 
susceptible Stauffer Colony from which it was derived and 
that Ali-FE activity in the Stauffer Susceptible strain was 
identical with that in our Orlando Regular Colony. Ali-E 
activity has remained at about the same level in sueceed- 
ing generations of the Sevin-resistant colony. Although 
this colony appears to be about 10-fold resistant to Sevin 
at the LD-50, accurate measurements have been difficult 
to obtain since none of our fly colonies are very suscepti- 
ble to this material. It is felt that the data presently avail- 
able are insufficient to determine with certainty whether 
or not low levels of Ali-E are a factor in resistance. 

The reports in the hterature that Al-E 
activity in insects is not susceptible to inhibition by 


DISCUSSION. 


carbamates have been based largely on work with eserine; 
for example, Mounter & Whittaker (1953) and Asperen & 
The finding that Ali-E activity is 
susceptible to inhibition by the insecticidal carbamates 
that inhibition of this 
enzyme is responsible for the insecticidal action of these 


Oppenoorth (1959). 


does not, however, presuppose 
compounds any more than it is in the case of the organo- 
phosphates. It does, however, point out the need for 
further work on the role of this enzyme, the biochemical 


significance of which is not understood. 
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Seasonal Abundance of the Cabbage Looper as Related to Light Trap 


Collections, Precipitation, Temperature and the Incidence of a 
Nuclear Polyhedrosis Virus' 


R. N. Hormasrer,? Virginia Truck Experiment Station, Eastern Shore Branch, Painter 


ABSTRACT 


The seasonal abundance of the cabbage looper, T ric hoplusia n 
(Hiibner) was studied at Painter, Virginia for the period 1958-60 
The incidence of a nuclear polyhedrosis virus was the most im 
portant factor influencing abundance of cabbage loopers. Opti- 
mum conditions for the spread of the virus were associated with 
the development of heavy looper infestations followed by ex- 
cessive rainfall. Reinfestations of loopers developed on new plant 
growth after almost complete elimination of the previous in- 
festation by polyhedrosis. Three distinct looper outbreaks and 


subsequent control by polyhedrosis occurred in a single season 


The almost universal difficulty encountered in control 
ling the cabbage looper, Trichoplusia 1 (Hiibner), with 
chemica! insecticides has stimulated interest in’ other 
possible means of control, one of which is a naturally 
occurring polyhedrosis virus. Semel (1956) has summa 
rized a history of incidence of polyhedrosis. Hall (1957), 
McEwen & Hervey (1958, 1959), Genung (1959, 1960), 
Elmore (1961) and Hofmaster & Ditman (1961) have 
reported on the regulated use of the virus as a means of 
control under field conditions. 

Since 1955, naturally occurring outbreaks of a nuclear 
polvhedrosis virus have been effective in reducing heavy 
infestations of cabbage loopers in southeastern Virginia. 
This disease has been present in Virginia for many years 
according to Walker & Anderson (1936) but, until re 
cently, outbreaks have been more or less sporadic in 
nature. The present study was begun in 1958 in an at 


tempt to ascertain the relationship of looper populations 
to precipitation, temperature and the incidence of poly- 
hedrosis virus. 


Nightly collections of 
looper moths were made on 5 days of each week using a 
“black light” trap (Taylor ef a/. 1956). 


catches were tabulated along with weekly records on 


Mertuops AND MATERIALS. 
These moth 


precipitation and temperature, the development of looper 
infestations, and presence of nuclear polyhedrosis in the 
field. 

The field studies were conducted on a 2-acre planting of 
Waltham 29 broccoli located on the Virginia Truck 
Experiment Station farm at Painter, Virginia. The same 
area Was planted each year and was so situated that the 
distance from the light trap to the broccoli ranged from 
100 vards to approximately 250 vards. Large commercial! 
acreages of broccoli, kale, collards, turnip greens, mustard 
greens and spinach were located within a 3-mile radius of 
the test area. 

One hundred broccoli plants from each of four different 
sections of the field were checked weekly as a measure of 
looper abundance. The loopers were divided into three 
Classes: (1) Small 


large— more than one-half inch in length:;and (3) infected 


less than one-half inch in length: (2 


those loopers showing characteristic virus symptoms 
such as described by Drake & McEwen (1959). No at 
tempt was made to count loopers that had succumbed to 
the \ irus and had “olobbed” or disintegrated, 

Egg counts were taken in 1959 by examining a single 
leaf from each of 100 broccoli: plants but this procedure 
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August 1961 


was discontinued in 1960 as being too time consuming. 


Weekly summaries of the seasonal abundance of cabbage 


loopers in the field, light trap catches of moths, precipita 
tion, temperature and the incidence of nuclear polyhe 
drosis for 1958, 1959 and 1960 are included in table 1. 

Resuits... Observations in 1958. Heavy looper popu 
lations developed on broccoli during mid-/ and late July 
(table LA) but were reduced by a heavy rain of 6.13 inches 
on August 4, which destroved many young larvae. Follow 
ing the highest moth catch ever recorded in this area, 
1,172 moths for the week of August 10, the heaviest looper 
infestation of recent vears occurred. As many as 75 
loopers per broccoli plant were found August 24. The 
first nuclear polyhedrosis infected larvae were observed 
August 
until the wet period of August 24 apparently triggered an 
epizootic which virtually 
During the period August 24 to September 7, the number 
of healthy loopers was reduced from 2,990 per LOO broe 


10, but the virus infection spread very slowly 


exterminated the  loopers. 


coli plants to 30-a decrease of 99°. 

Nuclear poly hedrosis was so widespread and virulent in 
nature that further looper infestations failed to develop in 
the general area. This was clearly reflected in the exceed 
ingly low light trap catches which never totaled more 
than six moths per week during the remainder of the 
season. 

The virus was quite prevalent throughout the entire 
Eastern Shore of Virginia-Norfolk area and loopers were 
not a problem after September 15. 

Observations i 1959. 
dry and without rain until Sept. 28 (table 1B). Poten 


tially heavy looper populations were in the process of 


August was especially hot and 


developing as shown by a count of 1,082 eggs and 1,173 
loopers per 100 broccoli samples August 16. On August 23 
“sick” loopers were observed for the first time and by 
September 13 the field was apparently free of eggs and 
loopers. Although the highest moth catch of the season, 
$19, occurred the night of September 6, very few eggs 
were laid by these moths, probably because rainfall re 
tarded ov iposition, However. during the week of Septem 
her 27 large numbers of eggs and young loopers were 
present in the field. These were confined almost entirely to 
October 
infestation had again developed with a few 
larvae in evidence. After October + the nuclear polyhe 
drosis spread rapidly and had practically cleared the field 
ol loopers by October 18 


There appeared to be a rather close relationship be 


the new growth and by t a considerable field 


diseased 


tween rainfall and virus distribution in 1959. During the 
period August 2-28 no rain fell and loopers became quite 
numerous. From August 29 to September 8 rain fell on 8 
days and there was a drastic reduction in loopers due to 
disease, which was fully reflected in the absence of larvae 
the week of September 13. Infestations again developed 
during the dry spell in the latter part of September but, 
following the rainy period of October 9-14, the loopers 
disappeared entirely. 

During September virus-infected loopers were found in 
all fields of broccoli in the Virginia Counties of Northamp 
ton and Accomack. The number of loopers was definitely 
reduced much faster and to a lower level in Accomack 
County and in upper Northampton County, where con 
siderable rain fell in late August and early September, 
than in lower Northampton which received little or no 


HlorMASTER: SEASONAL ABUNDANCE OF CABBAGE LOOPER rh 


Table 1.—Seasonal abundance of the cabbage looper at 
Painter, Virginia, in 1958, 1959, and 1960 as related to light 
trap collections, precipitation, temperature and the incidence 
of a nuclear polyhedrosis virus. 





INFESTATION PER 100 
Broccout PLANTS 





AVERAGE 
Large Loopers Werekity ‘TemMpeRA 
No. oF Small RAINFALL TURE 
Dart Morus Loopers Healthy Infected INCHES) °F) 
1. 1958 
7-18 208 47 0 0.0 80 
x) 268 759 0 0.0 82 
7-2 108 i209 0 0.0 83 
8-3 68 714 0 6.2” 85 
8-10 1 72 s10 9 1.3 9 
8-17 160 ) 960 16 0.9 76 
8-24 53 2, 540 9] +.9 75 
8-31 2% a) 79 1,125 0.2 71 
9-7 5 1 19 0 0.3 72 
9-14 6 0 ; 1 0.0 72 
9 21 5 9 ; 0 0.3 67 
9 28 6 + 7 + 1.6 58 
10-5 ; 0 0 0 0.0 57 
10-12 0 0 0 0 0.0 61 
B. 1959 
8 2 209 a) 11 0 0 0.0 75 
$9 72 #25 63 +1 0 0.0 78 
8 If 111 1,082 948 230 0 0.0 S4 
825 291 733 S14 648 25 0.9° 86 
SSO 541 1,074 29 509 253 0.6 s] 
of 169 252 232 24 $33 2.6 75 
9-138 s 0 0 0 0 0.0 65 
9 20 14 125 11 0 0 0.0 67 
9--2 11 953 229 0 0 0.9 75 
10 4 0 $23 654 39 15 0.2! 75 
10-11 11 21 408 352 24 1.9 64 
10-18 9 0 52 0 101 1.8 56 
10-25 0 0 0 0 0 1.2 jl 
( " 
; 29 108 0 0 0.7 75 
10 95 754 29 0 1.2 76 
17 169 1,190 652 1 0.08 75 
4 i 133 181 +3 3.5 77 
s] 110 0 8 249 1.7 80 
8~7 158 0 0 52 2.5 SO 
8-14 105 0.0 75 
& 21 $08 7S4 50 69 0.0 75 
8 28 st 1.251 682 212 6.1" 79 
Oo 4 $1 134 129 408 6.9 73 
9-11 20 9 0 0 +.4 70 
18 1o4 119 6S 23 0.0 71 
9-25 iS 628 S38 19] 0.3 66 
10-2 5 $11 33 388 0.3 63 
109 11 153 122 280 0.0 638 
10-16 10 0 29 92 1.2 61 
10.28 s 0 0 24 4.0 50 





Based on 5-day week starting at indicated date 
6.13 inches of rain fell the night of August 4 

319 moths collected September 6 

No rain August 2-28 

Rain fell on 8 days from August 29-September 8 
Rainy period from October 9 14 

No rain for 11-day period, July 13-24 
Broceolt discarded due to maturit emaining records taken on adjacent 
v planting 

Only 0.11 inches rain for 24-day period 
No rain for 17-day interval, September 12-29. Dews were very hea 


August 18-September 6 
v during 


s period 


rain during this period. In fact, although widely distrib- 
uted, the virus was of little economic importance in lower 
Northampton County in 1959. 

Observations in 1960. Cabbage loopers were first ob- 
served in the field in appreciable numbers July 3 when an 
average of one small larva per broccoli plant was recorded 
(table 1C). The period of July 18-24 was without rainfall 
and apparently quite favorable for looper development. 
Light trap catches of moths increased rapidly at this time, 
indicating the potential for a heavy field infestation. 

The first virus-infected looper was observed July 17 and 
by the week of July 24 evidence of virus infection was 
quite widespread, once again indicating the association 
between wet weather and virus incidence. By July 31 the 
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field was almost free of healthy loopers, the number per 
100 broccoli plants having dropped from 1,842 to 28 in 
approximately 2 weeks. The decrease in loopers was all 
the more striking in view of the fact that a catch of 343 
moths, the peak for the entire year, occurred during this 
interval. The virtual disappearance of loopers in the field 
was not due to lack of egg deposition as an average of 682 
eggs per 100 broccoli leaves was noted August 7. Leaves 
bearing eggs were brought into the laboratory and, even 
though many of the eggs hatched, none of the young 
loopers lived longer than 3 days. Whether the loopers died 
from the contact with virus-infected foliage or were 
infected by virus transmitted to the egg by the female 
moth was not clearly established. 

There were two more peaks of looper abundance, one 
during a 24-day interval in which only 0.11 inches of rain 
fell and the other during a 17-day rainless period. Follow- 
ing these peaks the polyhedral virus eventually reduced 
the number of loopers to practically zero. It is noteworthy 
that the virus was active in the field from September 25 to 
October 9, a relatively dry interval as far as rainfall was 
concerned. However, dews were extremely heavy during 
this period and were probably almost as effective as rain 
in distributing the virus. 

Discussion. — The role of a naturally occurring virus as 
an aid in the control of the cabbage looper in the field is 
obviously quite important. In some years, such as 1958, 
when extremely heavy looper infestations develop early 
and the entire section and adjacent areas are infected 
with nuclear polyhedrosis almost simultaneously, loopers 
may not become a problem again that season. Presum 
ably, this is due to the elimination of adults over a wide 
area, minimizing the chances for any appreciable reinfes 
tation. Usually there is considerable variation in the 
intensity of looper infestations and incidence and spread 
of polyhedrosis, not only in different sections, but in the 
same general area. As a result, adults are always present 
in sufficient numbers to move in and reinfest the new 
growth. Under these conditions, which characterized the 
1959 and 1960 seasons, the virus usually does not hold 
loopers in check for an indefinite period. However, once 
thoroughly established in a field, nuclear polyhedrosis 
will eventually bring new looper outbreaks under control. 
During these peaks of high looper populations, unfor 
tunately, considerable crop loss may be incurred unless 
the virus is supplemented with other methods of control. 
The frequency of virus applications as a field spray has 
been studied by Hofmaster & Ditman (1961) and indicates 
that under conditions existing in 1960 regular virus 
applications are much more effective than natural infee- 
tion. 

The overall effects of temperature on the abundance of 
the cabbage looper were rather difficult to evaluate. The 
relatively high temperatures of July and August short 
ened the length of the life evcle and accelerated the de 
velopment of heavy looper infestations. However, these 
infestations in turn were subject to an increased rate of 
infection by nuclear polyhedrosis through dissemination 


by the larger number of loopers and from an increased 
rate of virus development due to the high temperature 
Observations in conjunction with the present study indi- 
cated that the rate of infection and development of 
nuclear polyhedrosis was directly influenced by the tem- 


perature and might take several times longer in the fall 
(60° to 65° F.) than in the summer (80° to 85° F.). These 
conclusions are in essential agreement with controlled 
temperature studies by Drake & McEwen (1959). 

ConcLusions.—-1. The development of heavy looper 
infestations practically always occurred during or follow 
ing relatively dry periods, never during periods of exces 
sive rainfall. 

2. Rainfall aids virus dissemination but is not essential 
to virus development. Heavy looper populations help 
distribute the virus during dry periods but rainfall is 
needed for maximum effectiveness. Heavy dews also help 
to seatter the virus. 

3. Cabbage looper infestations can and do develop on 
new growth even though a nuclear polyhedral virus may 
have decimated a previous looper infestation. Three or 
more looper outbreaks and subsequent elimination of each 
outpreak by polyhedrosis may occur in a single season. 

t. The peak of virus infection was approximately 1 
week after the peak looper infestation. 

5. Light trap collections of looper moths are useful in 
anticipating the development of looper infestations of the 
field. Factors other than the mere numbers of moths 
collected appear to be quite important in governing the 
intensity of field infestations; precipitation and the inci 
dence of nuclear polyhedrosis are the most influential of 
these. 

6. The rate of infection and development of nuclear 
polvhedrosis is directly influenced by the temperature 
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SCIENTIFIC 


Evaluation of Thiodan and Sevin for Control 
of Webworms in Sugar Beets’ 


Arnruur F. Hagen? Nebraska Agricultural Experiment Station 


Large numbers of first-generation webworms occurred in 1959 
and 1960 in the North Platte Valley of Nebraska 
infestations in sugar beets provided an opportunity to evaluate 

(1-naphthyl N-methylearbamate) and  Thiodan* 
6, 7, 8, 9, 10, 10-hexachloro-1, 5, 5a, 6, 9, 9a-hexahydro-6, 
9-methano-2, 4, 3-benzodioxathiepin 3-oxide) 
Loxostege sticticalis (LL, 


The webworm 
Sevin’ 


for control of these 


insects. The beet webworm, , was the 


predominate species during the study. The alfalfa webworm, 
Walker) 
* as used hereafter will include both species 
Thiodan is a chlori- 


Loxostege commiztalis , Was present in small numbers 
Phe term“ 

Sevin is a carbamate type of insecticide 
nated, fused ring, heterocyclic compound. Both Sevin and Thio- 


webworm 


dan are insoluble in water and moderately soluble in organic 


solvents. Sevin is reduced to a noninsecticidal compound under 
highly alkaline conditions and should not be used with lime or 
products containing lime 

Experiments with Sevin and Thiodan since their recent devel- 
against 


opment have shown them to be effective lepidopterous 


larvae, therefore they were selected for use in this study 


presently recommended for control 
of webworms on sugar beets in Nebraska 
into the tests as a check on the effectiveness of Sevin and Thio 


Endrin is the insecticide 


It was incorporated 


dan 
Procepunrt The located at the Scotts Bluff Ex 


The equipment, test design, and methods were 


tests were 
periment Station 
essentially the same in 1959 and 1960. The test design was a ran 
domized complete block. The plots were 6 rows wide and 30 feet 
long. Each chemical treatment was replicated four times. The 


ir hand 


sprayer at 40 pounds pressure and at a rate of 20 gallons of fin- 


chemicals were applied with a four-nozzle compressed a 
ished spray per acre. 

Chemical applications were made when webworm infestations 
developed in the plots The applic ations were made on June 17, 
1959, 1960. Both vears the sugar beet plants 
applications 


and on June 15, 
in the 4- to &-leaf stage 
All plots were examined for webworms 3 


f growth when the 


were 
were made and 7 days 


after 
counting the : 


the chemicals were applied Examinations consisted of 
active larvae on five plants from each of the two 
center rows of a plot. 

Beets in the test plots were harvested on October 2, 1959, and 
October 6, 1960 harvesting LO 
plants from the two center rows of each plot 
were separated and weights of each taken. Sugar content in 1959 


was determined on an additional 20 beets harvested at random 


Beet yields were estimated 


Phe tops and roots 


The sugar content in 1960 was determined on a 
f 10 beets taken from beets harvested for \ ield 


from each plot 
random sample o 
weights 
ReSULTS 
le vel 
that occurred in the 
not significant in either 1959 o1 


and endrin gave significant (5% 
control of webworms both years (table 1). The differences 
amount of control provided by the three 
1960. The tests 


Thiodan should be considered for web 


Sevin, Thiodan 


( hemi als were 
that Sevin and 
Residues of these 


indicate 


worm control chemicals on sugar beets are 
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NOTES 
Table 1.—Number of active webworm larvae on sugar 
beets 3 and 7 days after treatment. 





ACTUAL 


Toxt- 3 Days 7 Days 
CANT No. Wespworms* o. WEBWORMS* 
ACRE 
TREATMENT (LB, 1959 1960 1959 1960 
Sevin 1.0 2.0 3.8 1.5 1.0 
Endrin O.4 4.8 0.5 3.0 1.3 
Thiodan 1.0 0.5 0.3 1.0 1.8 
Untreated 0.0 63.3 56.5 $5.5 17.0 





L.S.D. (5% level) 6.4 for all data combined 
* Average population from 10 plants per plot. 


Table 2.—Yield of tops and beets, and sugar content fol- 
lowing treatment with certain insecticides." 








Tops Berets SuGAR CONTENT 
ACTUAI Tons/A Tons A (%) 

PReA1 POXICANT 
MENT ACRE (LB.) 1959 1960 1959 1960 1959 1960 
Sevin 1.0 18.46 24.53 19.84 24.25 14.48 17.63 
Endrin 0.4 18.11 29.05 IS.11 24.08 14.18 17.53 
Phiodan 1.0 14.84 25.48 8.11 25.10 14.23 17.40 
Untreated 0.0 I .7t =27.29 17.25 24.78 14.70 17.75 
Average of four replications. No significant differences (5° level) o¢ 


curred in vields or sugar content 


being analyzed at the present time by their manufacturers. 

The reduction in webworm populations that occurred in the 
untreated plots between the third and seventh day was probably 
due to the maturation of the webworms. Sugar beets in the un- 
treated plots were almost completely defoliated. Apparently 
they were able to recover from the effects of the defoliation as no 
significant (5% level) differences occurred in yields or sugar con- 
tent (table 2 


the Lesser Peach Tree Borer 
in Virginia’ 


Control of 


Marvin L. Boss, Virginia Agricultural Experiment Station, 
Piedmont Fruit Research Laboratory, Charlottesville 


The lesser peach tree borer, Synanthedon pictipes (G. & R 

was not considered a pest of peach trees in Virginia until rece nt 
past 5 or 6 years, however, this insect has 
killed, or caused serious injury to, many peach trees in the Pied- 
mont and Tidewater areas of the State. 
more vigorous young orchards have been attacked and seriously 
injured, Smith (1951) made field control studies on the 
peach tree borer in New York, using parathion and DDT. 
substantial reductions in the infestation of borers. 


years. During the 
Trees in some of the 


lesser 
Para- 
thion gave 
but DDT was ineffective. 
Information on the biology of this species in Virginia was re- 
cently published Bobb 1959), and the present report covers in- 
vestigations conducted on control with a number of insecticides 
during 1959 and 1960 
Meruops.—The taking of data in 
volving the lesser peach tree borer is very difficult. 
trees with any degree of accuracy 


control experiments in- 
The larvae 
removed from the 
since the early instars are extremely difficult, if not impossible, 
to find in the bark. All tests were arranged so that the insecticides 


were applied for first brood control. 


cannot be 
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All trees included in the tests were examined every 2to 3 
weeks from April to mid-July. Records were made of the emer- 
gence of adults from overwintering larvae, and the cast pupal 
skins were removed. The same procedure of counting cast skins 
was followed during the first generation from late July to No- 
vember. A conversion factor was then determined and the de- 
gree of control calculated. 

When two sprays were applied, they were timed so that the 
first application was made approximately 2 weeks before the 
peak of adult emergence, and the second application was made 
about a week or two after the peak emergence of the spring gen- 
eration adults. It was assumed that these sprays would have 
little effect on the larvae and pupae in the trees, but would kill 
adults, eggs and young larvae of the succeeding generation. 

The sprays were applied to the trunk and all scaffold limbs 
with a compressed-air sprayer. This type of sprayer was used 
because several of the insecticides tested had a “tno residue” 
tolerance, and therefore could not be applied to the fruits. 

1959 Experiments.—The 1959 tests were conducted in an 
8-acre block of peach trees at Hampton, Virginia. The infesta- 
tion of the lesser peach tree borer in individual trees varied 
from light to heavy. Each of the insecticides tested was applied 
to 12 trees consisting of 3-tree plots replicated 4 times. The 
replications were made without regard to the individual tree 
variations in infestation. The sprays were applied on May 4 and 
June 3. In addition, one tree from each of the replications for 
each insecticide received a third spray on August 17 at the peak 
of adult emergence cf the late generation. 

The results are presented in table 1, There was no significant 
difference in the control obtained with the different insecticides, 
owing to the great variation in infestation within and between 
replicates. All insecticidal treatments, however, were signifi- 
cantly different from the check. The untreated trees averaged 
69.8 larvae per tree. 

When a third spray was applied in August the control was 
increased only slightly with the better insecticides, and actually 
decreased with some of the less effective materials. The per cent 
reduction from the check varied considerably, but because of 
the variations in infestation within and between replicates there 
was no significant difference between any of the insecticides 
tested. DDT was not significantly different from the check. 

1960 ExprerimMents.—The 1960 tests were conducted in the 
same orchard as those of the previous season, but different trees 
were treated. Single tree plots with eight replicates were used for 
each of the seven insecticides and the check. Betore adult emer- 
gence began all trees in the orchard were examined and scored as 
to the intensity of infestation. In order to reduce variations 
within replications as much as feasible, the eight trees with the 
greatest infestation were randomized among all insecticides; 
then, the next eight trees with highest infestation were likewise 


Table 1.—Effectiveness of various insecticides applied to 
peach trees for control of the lesser peach tree borer at 
Hampton, Virginia, during 1959 and 1960. 





Per Cent Repuction From CHeck 
FORMULATION 


PER 100 1959 1960 
GALLONS 
INsecTicipE® LB, 2 Sprays 3 Sprays 2 Sprays 
Parathion, 15% 3 84.4 92.2 83.2 
1.5 55.6 78.6 
Thiodan, 25° ; 87.5 100.0 71.1 
Endrin, 50°; 1.5 83.9 87.5 81.0 
Dieldrin, 50% 3 70.8 67.3 68.8 
Sevin®,© 50° r 76.3 81.6 59.0 
Guthion, 25° 3 68.5 61.5 18.9 
DDT, 50% s 64.9 $2.1 49.4 
Check 0.0 0.0 0.0 





® All insecticides were wettable powder formulations 


” Treatments paralleled by the same vertical line are not significan 


ferent at the 5° level 
© |-naphthyl N-methylearbamate. 
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randomized, and so on until each insecticide had been repli ated 
eight times. Thus, each insecticide tested was applied to repli 
cated trees varying In infestation from high to low 

The sprays were applied on May 23 and June 9. The results 
are presented in table 1. 

There was no significant difference at the 5% level between 
any of the insecticides tested, and Guthion" (O0-O-dimethyl 
S-4-o0xo-1,2,3-benzotriazin-3-(4H )-ylmethyl phosphorodithioate 
and DDT were not significantly different from the check. The 
untreated trees averaged 31.8 larvae per tree for the season. 

Discussion.— Even though there was no significant difference 
between the insecticides tested for control of lesser peach tree 
borer during 1959 and 1960, the percentage reduction in the 
numbers of borers in the trees varied considerably between in- 
secticides during beth years. This difference was visibly evident 
in the number of healed wounds and the degree of such healing. 
Many of the treated trees which had a high population of larvae 
in the spring had a very low infestation in the fall 

The three insecticides which gave the highest percentage re- 
duction in lesser peach tree borer infestation were parathion, 
Thiodan® (6,7,8,9, 10, 10-hexachloro-1,5,54,6,9,9a-hexahydro-6,9- 
methano-2,4,3-benzodioxathiepin 3-oxide) and endrin. Of these 
materials only parathion can be recommended for grower use at 
the present time. Thiodan and endrin do not have a residue 


clearance for use on peach fruits. 
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An Apparatus for Separating and Collecting 
Live Insects’ 


M. W. Nrevson and E. E. Bueak, Entomology Research 
Division, Agric. Res. Serr., U.S.D A 


During the search for insect-resistant alfalfa plants, it) was 
necessary to subject test plants to continuous infestation of 
heavy insect populations. Much of the selection work was done 
by planting a particular variety in flats and placing cages con- 
taining heavy populations of the test insects over the plants 
Thus, the insects could feed upon and kill susceptible plants 
Later, the surviving healthy plants were transplanted in the 
field to undergo further individual testing. The initial screening 
process required thousands of test insects. Some of the important 
species used were the lygus bug, mainly Lygus hesperus Knight; 
leafhoppers, principally Aceratagallia curvata Oman; and the 
three-corned alfalfa hopper (Spissistilus festinus (Say Usu 
ally collecting was done by sweeping infested alfalfa fields with 
a standard 15-inch sweep net, aspirating the desired species into 
small containers, and finally introducing the insects into cages 
This procedure proved to be laborious and time consuming. It 
was expedient, therefore, to develop an apparatus that could 
separate and collect three or four species of insects in large num 
bers in one operation. Description of the apparatus, called an 
“insect separator collector box” is given below 

Drscriprion.—The apparatus is made almost entirely of 3 
inch pine, although lighter materials could be used. Construc 
tion details are shown in figure 1. Outside dimensions of the box 

\) are 12 by 12 by 24 inches. Two 5-inch round openings (TH 
are cut on one side of the box to receive the contents of the 
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An insect separator collector 


Kk) Pint 


apparatus. (A) Box, (B 


vla ss jar, I) Screen se parators, G 


Metal cover plates (G) are 
ope nings after the 


sweep net fastened to this side to 


close the mmsects are introduced Two open 


Ings, 


8i by 9) inches, are cut on top of the box and covered from 


underneath with s-inch mesh hardware cloth (B). This screen 


is used to restrain large undesirable insects but permits smaller 


ones to pass through into two pyramids (C), one of which is 


shown. Each pyramid is 8} by 9} inches at the base, 9 inches 


high, and 43 by 53 inches at the top and is nailed securely over 
each opening. A circular hole is cut on top of each py ramid and 
a standard-size jar ring is fastened over it. A pint jar (E) con 


taining a wire screen trap (D) is screwed in place to receive the 


insects. Three ,'s-inch slot openings 24 


2; inches apart are cut into 


one side of each ps ramid to receive the screen separators F 

of the 
1¢@ bottom screen measures 7} by 8 inches and consists 
of 1/12- by 


bugs, leafhoppers, and other small insects but restrains the 


Grooves are cut inside the pyramids to facilitate sliding 


screens 





inch slotted mesh, which allows passage of lygus 


three-cornered alfalfa hopper. The middle screen measures 6 by 


6) inches and consists of 1 


12-inch mesh, which permits passage 
of leafhoppers and smaller insects but restrains lygus bugs. The 
to sts of 28- by 32- 


» screen measures 5 by 5} inches and consi 


inch mesh, which restrains leaf-hoppers but allows tiny wasps, 
All cra ks are 


re painted black to 


flies, and other minute insects to escape sealed 
and the insides of the box and ps ramids a 
darkness. The 
through the top of the pyramids where the 
tached 


OPERATION 


create complete only source of light comes 


glass jars are at 
Figure 2 shows the insect: separator-collector 
and the 


After numerous insects a 


box that is used for lygus bugs, leafhoppers, three-cor 


nered alfalfa hopper re placed in the 
all minute insects not 
replaced and the 
low the leafhoppers through. When sutlicient 


removed, 


hox, the glass jars are removed so that 


needed can escape The jars are top screetis 


numbers of these insects are collected, the jars are 


apped, and placed in a refrigerator box or other cool place 


16 


Metal cove Fr. 


inch mesh hardware cloth, (C) Pyramid, (D) Wire screen trap, 


Hf) Opening for introducing contents of sweep net. 


New jars are attached and the middle screens are pulled to per- 
mit entry of the This procedure is repeated for the 
three-cornered alfalfa hopper by pulling out the 


Discussion.—In a short time large quantities of nearly pure 


lygus bugs 


bottom screens. 


populations of each species were collected in the manner de- 
scribed and taken to the lath house where they were introduced 
into their All three insect species exhibited 
high negative geotropism and positive phototropism, as do most 


respective cages 
insects. Relatively high temperatures were also conducive to 
All of these factors tended to stimulate rapid 
glass jars from whence the source of light 


insect movement 
movement toward the 
used and 


came. A number of different sized screens could be 


adapted to fit the needs of the insect and the investigator. 





Note 


screens that 


An insect separator-collector box. 
have been pulled out on right pyramid. 
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Parasites of the Face Fly, Musca autumnalis, 
in New Hampshire’ 
R. L. Buckie, University of New Hampshire, Durham 


The face fly, Musca autumnalis DeGeer, was first taken in 
New Hampshire during July, 1959. A phaereta pallipes (Say) was 
recovered from puparia of M. autumnalis during September, 
1959. During the summer of 1960 an attempt was made to deter- 
mine the extent and degree of parasitism of M. autumnalis by 
A, pallipes. As a result of the survey three hymenopterous para- 
sites were recovered from face fly puparia. These were A. 
pallipes (Say) (Braconidae), Xyalophora quinquelineata (Say) 
(Figitidae), and Eucoila sp. (Cynipidae). The parasites were also 
recovered from Orthellia caesarion (Meigen) (Muscidae), Sar- 
cophaga latisetosa (Parker), S. /herminiera (R. D.) and 8. querula 
Walk. (Sarcophagidae). A search of the literature did not reveal 
any previous records of these parasites attacking larvae or 
puparia of M. autumnalis. 

Collections of larvae were made during August and September 
in 39 towns throughout the State. However, larvae of M. autum- 
nalis were taken in only 30 of these towns. In five towns, the 108 
larvae were unparasitized. A total of 2,111 puparia was ob- 
tained from the larval collections. Parasitism occurred in 16.3%, 
or 343 of the puparia. 

Parasitism of M. autumnalis by the three species was A phae- 
reta, 13%; Eucoila 2.2%; and Xyalophora, 1%. A phaereta was 
widespread throughout the State, occurring at 23 of the 25 
localities where parasites were found. Parasitism by A phaereta 
varied from 0.3 to 80%. The Eucoila and Nyalophora were more 
local, being taken at only five localities each, the maximum 
parasitisim being 24% and 47.8%, respectively. 

Aphaereta pallipes: In no instance did A. pallipes emerge 
naturally, they were all dissected from the face fly puparia. The 
parasites were fully developed in most of the puparia, however, 
some were poorly developed. It was not uncommon to find both 
early and late developmental stages in the same puparium. The 
reason for this non-emergence was not determined, and A, 
pallipes did emerge naturally from the Orthellia and Sarcophaga 
collected at the same time and kept under identical conditions. 

The dissection of the puparia was made from 1 month to 6 
weeks after the last emergence of the flies. Since M. autumnalis 
does not overwinter in the pupal stage the puparia were ex- 
amined at this time. No live A. pallipes were found on dissection 
The average number of parasites in a puparium was 10.7, with 
a maximum of 25 and a minimum of one. 

Xyalophora: This parasite is solitary in the larva, continuing 
its development in the puparium. Upon dissection all of the para- 
sites were alive and fully developed. 

Eucoila: All but three of these were dissected out alive from 
the puparia, these three emerged naturally. This parasite is also 
solitary in the dipterous larva, continuing its development in the 
puparium. 

Many attempts were made to establish cultures of the three 
parasites, using M. domestica as the host. The experiments with 
Xyalophora and Eucoila were not successful 

Last instar house fly (Musca domestica L.) maggots were ex- 
posed to adults of A. pallipes that had emerged from Sarcophaga 
puparia. A total of 77 house fly puparia were formed. Three 
weeks after the maggots had been exposed seven A phaereta 
adults emerged from one puparium. Using the A phaereta from 
the above experiment house fly maggots were again exposed to 
the parasites. Sixty-seven puparia were formed. No parasites 
emerged from the puparia. However, upon dissection 6 weeks 
after the maggots were exposed, two puparia were found to con- 
tain dead, partially developed A phaereta. 

The identifications of the Cynipidae and Figitidae were made 
by Mr. L. H. Weld, and the Sarcophagidae and Muscidae by 
Mr. C. W. Sabrosky. I wish to express my appreciation to the 
Insect Identification Branch, Agricultural Research Service, 


United States Department of Agriculture, for furnishing the de- 
terminations. 
! Published with the approval of the Director of the New Hampshire Agricul 


tural Experiment Station as Scientific Contribution No. 265. Accepted for 
publication February 20, 1961 


BHC Contamination of Chicken Eggs 
from Treated Litter’ 


GrorGce W. Ware? 


Technical grade 1,2,3,4,5,6-hexachlorocyclohexane (BHC) is 
known to impart a flavor to chicken meat and eggs through in- 
gestion, painting or spraying roosts and spraying the birds and 
chicken houses (Furman & Bankowski 1949, Harwood 1948, 
Miller et a/. 1948, Milne 1953). There is a label presently ap 
proved by the Pesticide Regulations Branch of the U.S. De- 
partment of Agriculture for the use of technical BHC in poultry 
houses, in which the treatment is limited to roosts (Anonymous 
1961). In January, 1961, it was found that a 75% technical 
grade BHC wettable powder formulation containing 12% of the 
gamma isomer was being sold to Ohio poultry producers for the 
control of peultry lice and mites in chicken houses, and in one 
instance was being seriously misused. 

Several cartons of eggs had been returned to the stores by 
housewives who complained that the eggs smelled musty or 
moldy after cooking. The egg buyer traced these eggs to a 
single local producer in that marketing area and forwarded 
samples to this laboratory for pesticide analyses.’ These eggs 
were found to contain 9.5 p.p.m. of BHC in the yolks 

Later the farm was visited and samples of eggs and litter were 
collected from each of the four poultry houses. Soil samples were 
taken in each house from the top 3 inches of dirt floor, and the 
soil-like organic matter on the concrete floor of house number 
two was also collected. These were labeled, brought to the labo 
ratory, and analyzed, using the modified Schechter-Hornstein 
BHC method of Ware & Naber (1961). The results of these anal- 
yses appear in table 1. Egg samples from another producer in 
that area were analyzed as checks, and found uncontaminated 


Table 1.—Levels of BHC expressed as p.p.m. found in lit- 
ter, soil and egg yolks from chicken houses treated with 
BHC wettable powder as a dust for the control of poultry 
mites and lice. Hancock County, Ohio. 





P.p.m. BHC 1s 


Hous Years NUMBER OF Soil Beneath 
NUMBER in Ust CHICKENS Litter Litter Egg Yolks 
" 29 * 0.10 
1 13 160 1.38 17.00 0.11 
ya - . “ 4.65 
s 70 5. 60 7.04 6 04 
6 160 17 30 24.00 7 op 
, . 6.00 
t ; 160 10.00 0.01 
6.18 





* Concrete floor 


The producer of the contaminated eggs reported that this 
BHC formulation had been used each year, with one or two ex 
ceptions, since 1950. The wettable powder was applied as a dust 
from a hand shaker to the roosts, dropping boards and crushed 
corn-cob litter once each year after removing the old litter and 
immediately before introducing a new flock of layers. The label 


Contribution to Regional Project NC-33. Accepted for publication March 
2, 1961 

? Assistant Professor, Department of Zoology and Entomology, Ohio Agricul 
tural Experiment Station, Wooster 

Egg samples provided by Mr. Chalon Short of the Hancock County Farm 
Bureau Cooperative Assn., Findlay, Ohio 
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1 
P.p.m. BHC in Egg Yolks 
Pic. 1. Log p.p.m. of BILIC in litter of four chicken houses versus 


the p.p.mn found in ¢« yy volks of hens confined in these houses 


on the formulation container clearly stated that the material 
was to be applied only to roosts and dropping boards, and not 
to litter, nests or the birds. This application usually was made 
in April or May. The litter was not changed until the following 
spring 

It was assumed that BH¢ 
neath the litter following several vears of treatment 
firmed by the data given in table 1. The lowest level appeared 


would accumulate in the soil be- 
This is con- 


in soil from the house used 3 years, while the highest levels in 
soil were from houses used 8 and 13 years. The practice of feed- 
ing oats on the litter to encourage hens to scratch and stir the 
litter probably resulted in the ingestion of low levels of the in 
secticide, Figure 1 illustrates the close correlation between the 
p.p.m. of BHC found in the litter and the average p.p.m. found 
in the egg yolks. There was no correlation between BHC in the 


soil and egg contamination 


REFERENCES CITED 


agricultural 
Branch, 


1961 \ 


chemical 


summary of registered 


Pesticide Reg 


Anonymous. 
pesth idk 


Plant Pest Control Div., U.S Dept Agric. March, 
1961 
Furman, D. P., and R. A. Bankowski. 1949. Absorption of 


benzene hexachloride in poultry. Jour. Econ. Ent 
$2(6): 980-82 

Harwood, P. D. 1948. Benzene 
meat. Science. LO7: 113 

Miller, M. W., L. C. Boggs and G. E. Bearse. 1948. The effect 
of hexachloroe ve lohexane roost paints on flavor and 
odor of chicken meat and eggs. Poultry Sei. 27: 676-7 

Milne, F. N. fe 1953. The effect of benzene hexachloride in 

Queensland 


hexachloride and poultry 


poultry feed on meat and egg quality 


SCIENTIFIC 


NOTES 803 
Jour. Agric. Sei. 10(4): 214-21. Original not seen. 
Abstract in Biol. Abs. 30: 1893, 1956. 

Ware, George W., and E. C. Naber. 1961. Lindane in eggs 


and chicken tissues. Jour. Econ. Ent. 54(4): 675-7 


4 Comparison of the Susceptibility of the 
Face Fly, Musca antumnalis, and the 
House Fly, M. domestica, to Insee- 
ticides in the Laboratory’ 


Rosert E. Treece, Ohio Agricultural 
Experiment Station, Wooster 


The face fly, Musca autumnalis De Geer, has been a serious 
pest of livestock in the northeastern and north central States the 
past several years. Because this new pest has been difficult to 
control on animals in the field, it has been hypothesized that the 
face fly may have a lower susceptibility to insecticides than do 
other species of flies. This report is concerned with laboratory 
tests designed to provide some evidence to confirm or refute 
this supposition using the house fly, Musca domestica L., for com- 
parison 

Mareriats aNpb Mernuops.—-A Chemical Specialties Manu- 
facturers Association nonresistant strain of the house fly was 
maintained in the laboratory, using standard rearing tech- 
niques. For testing purposes, only 4-day-old females were 
used 

Face fly females were collected from dairy cattle by sweeping 
over a defibrinated beef blood bait with a standard insect net. 
Captive specimens were held over night in the laboratory with 
access to diluted milk and granulated sugar and were tested the 
day after collection. 

Insecticides used were Entomological Society of America Ref- 
erence Standards. They were accurately weighed and diluted, in 
series, with acetone shortly before treatment. Parathion and 
DDT 


representative, well-known, organic phosphate and chlorinated 


p-p’ dichloro-dipheny] trichloroethane) were selected as 
hydrocarbon insect ides, respectively. 

Treatment was made by means of a microapplicator which 
delivered 0.91 microliter with one stroke of the lever. Measured 
droplets cf the insecticides were placed dorsally on the thorax 
of anesthetized flies. After treatment, the house flies were held 
for 24 hours in pint wide-mouth Mason jars supplied with milk. 
Face flies were held in 1-cubic-foot cages and supplied with milk, 
since in preliminary experiments there was high mortality when 
they were held in pint jars Observations were made of fly mor- 
tality 24 hours after treatment. Only immobile flies were classi- 
fied as dead. 

Tests were conducted from June 17 through August 31. Data 
reported for DDT were taken from applications made on August 
11, 16, 17, and 18. Applications of parathion were made on 
\ugust 26, 30, and 31. With DDT dosages were 0.228, 0.152, 
0.100, 0.067, 0.045, and 0.000 ug. per fly, and with parathion 
dosages were 0.0270, 0.0205, 0.0154, 0.0116, 0.0086, and 0.0000 
ug. per fly. On each of the test dates the complete range of dos- 
ages listed was used. Fifty flies of each species were treated at 
each dosage level. Thus for DDT there were 200 flies per dosage, 
and for parathion 150 flies per dosage. Data collected were sub- 
jected to Finney’s (1947) probit analysis. 

DiscussIoN AND ConcLustons.—-Although 
field-collected flies is net so great as with reared flies, results pre- 


precision with 
sented in figures 1 and 2 indicate no great difference in suscepti- 
bility of the two species of flies to DDT and parathion. Actually, 
the face flies were significantly more susceptible to DDT than 
was the strain of house fly tested. This is evidenced by the fact 
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Table 1.—Median lethal dosages (LD50’s) and fiducial 
limits for insecticides applied to flies. 





95% Fipucitan 


SPECIES INSECTICIDE L150 Limits®* 


House fly p-p DDT 0.1526 0.1434 —-0.1622 
Face fly p-p'DDT 1071 0999 1148 
House fly parathion 01462 O1442— .01483 
Face fly parathion 01456 O1385— .01531 





® Microgram per insect 


that the 95% fiducial limits of the L1D50’s do not overlap table 
I 

Because of the lack of uniformity in field-collected face flies, 
there is a possibility that those tested were more susceptible to 
insecticides than would be a group of reared flies of uniform age 
However, in the field, attempts at control are concerned with this 
heterogeneous population. It would be desirable in the future 
for reared face fly females of known age to be used in tests sim- 
ilar to those discussed. However, it seems safe to conclude, on 
the basis of data presented, that the lack of field control of the 
face fly by organk phosphate or chlorinated hydrocarbon insec- 
ticides must be attributed to a factor or factors other than low 
susceptibility 
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Resistance of Some Species of Cockroaches 
to Organic Insecticides in Germany 
and France, 1956-59! 

Wess, Jr 


Joseru E 


As early as 1950, the control of the German cockroach (Blat- 
by DDT in most areas of the United States 
was considered ineffective and was not considered very effective 
even prior to 1950 With the advent of chlordane, control of the 
German cockroach became much more effective than with DDT 
Brown 1958 


cide resistance in cockroaches came into use, chlordane had be- 


tella germanica (LL 


When standardized methods for testing insecti- 


come the most popular and effective item of insecticide for cock 
roach control in the United States and therefore little testing 
for DDT resistance was accomplished. For these reasons only a 
Omardeen 1959) of DDT resistance in the German 
cockroach exist in the literature 

The United States Armed Forces used DDT preparatic ns and 
obtained effective control of all infestations of pest species of 


few records 


cockroaches in military installations throughout Germany and 
France from the beginning of the Occupation in 1944 until very 
recently. In 1956 and 1957, pest controllers of several United 
States Army and Air Force installations reported that they were 
not getting satisfactory control of the German cockroach with 
5% DDT oil solutions and other preparations of this insecticide 

During the period 1956-59 specimens of three species, the 
German cockrone h, the brown-banded cockroach Supe lla su pel- 
Serville)) and the Oriental cockroach (Blatta orientalis 
installations in’ or 


lectilium 
L..)) were collected) from several military 
near European cities and reared in the laboratory until sufficient 
specimens were available for testing for susceptibility to some 
of the organic insecticides. The test procedure used was the jar 
test method deseribed in “Methods for Determining Resistance 
of Insects to Insecticides,” issued 27 February 1956 and subse- 
quently reissued by the United States Armed Forces Pest Con- 
trol Board as Technical Information Memorandum (TIM) No 


3. The summary given in table 1 indicates the approximate LT 
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Table 1.—LT-50s for some European cockroaches 1956-59. 





LT-50 


INSECTICIDE Species Testep Source® (Hours) 


DDT B. germanica Berlin 72 
Heilbron 72 
Hahn 48 
Frankfurt 24 
Orleans, France — 24 
Landstuhl 6 
S. supellectilium Bitburg 4 
Landstuhl l 
Kaiserslautern 1 
B. orrentalis' Landstuhl 72 
Heilbron 712 
Chlordane B. germanica Heilbron 72 
Berlin 7 
Frankfurt 7 
Orieans, France 6 
Landstuhl 5 
Hahn 5 
S. supellectilium Landstuhl 2.5 
Bitburg 2.6 
Kaiserslautern 1.5 
B. orientalis Landstuhl Q4 
Heilbron t 
Malathion B. germanica Landstuhl 3 
Frankfurt 2.5 
Hahn 1.5 
Orleans, France 2 
Heilbron I 
S. supellectiliam Landstuhl ] 
Kaiserslautern 5 
Bitburg 5 
B. orientalis Landstuhl 3.5 
Heilbron l 





* Germany except where indicated otherwise 


Large nymphs only were used in all tests with this species 


50’s (lethal time in hours required for 50% of test specimens) 
for adult males by exposure to 10 mg./sq. ft. for DDT, chlor- 
dane and malathion. The first tests, which were made on a col- 
ony of the German cockroach taken at Landstuhl, Germany, 
1956, did not show resistance to DDT or 
chlordane; however, colonies of this species subsequently col- 


late in significant 
lected irom other areas showed a progressively greater degree of 
resistance to both insecticides during 1957, 1958 and into 1959 
Using the criteria that an LT-50 of more than 7 hours, for male 
cockroaches, indicates resistance, it appears that test specimens 
of the German cockroach originating from Berlin, Heilbron, 
Hahn, and Frankfurt, Germany, and those from Orleans, France 
were resistant to DDT. Similarly, German cockroaches from 
Heilbron, Berlin and Frankfurt, Germany were resistant to 
Nymphs of the Oriental cockroach from Heilbron 
DDT and those 
from Landstuhl were resistant to chlordane. The brown-banded 


chlordane 
and Landstuhl, Germany were resistant to 
cockroaches tested from three areas of Germany were not re- 
sistant to any of the three insecticides, nor were any of the three 


species resistant to malathion. In recording results an LT-50 of 


Phe tests reported herein were conducted by members of the Department 
of Entomology, U. S. Army in Europe (USAREUR) Medical Laborator 
APO 180, New York, New York, under the immediate supervision of the 
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more than 24 hours but less than 48 hours was recorded as 24 

hours and, similarly, for the 48- and 72-hour entries. Most rec- 

ords represent averages of two or more tests of 10 males per test 
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A Simple Anesthetizing Device for Micro- 
scopic Observation and Manipulation 
of Minute Insects' 


Ernest B. Wurre and Paut DeBacu, Department 
of Biological Control, University of California 
Citrus Experiment Station, Riverside 


Several methods have been developed to permit continuous 
anesthetization of insects for prolonged periods of time without 
deleterious effect. Williams (1946) was able to dissect anesthe- 
tized moths by permitting carbon dioxide under low pressure to 
flow up through a Buchner funnel. Similarly, Caldwell (1956 
maintained a carbon dioxide atmosphere in a tray suspended in 
a bucket which contained dry ice. Other workers (Finney et a’. 
1947, Maramorosch 1953, Hollander 1958) have used carbon di- 
oxide as an anesthetic in collecting or handling insects of various 
sizes. Since none of the methods as used was readily adaptable 
to observation and manipulation of minute parasitic Hymenop- 
tera under a microscope, the following described device has 
been developed and used extensively in our laboratory over the 
last 34 years. It should be suitable for similar studies involving 
other tiny insects 

In working with the very small aphelinid parasite, A phytis 


lingnanensis Comp., it has been frequently necessary to isolate 


ENTOMOLOGY Vol. 54, No. J 
4 } 


one group of live individuals from a larger group. Two typical 
problems involved (1) the separation of females or males from a 
group containing both sexes, and (2) the isolation of a particular 
species from populations of mixed species. The equipment and 
techniques used in all available published reports were designed 
for larger insects and were not easily adaptable to the rapid iso 
lation of individuals from a group. 

The new device, commonly referred to as a “CO. DECK,” was 
built of readily available materials. Since the photo and drawing 
(figures 1 and 2) are self-explanatory, a generalized discussion 
of the construction and use of the anesthetizer should suffice 
Construction began with a ring stand and iron support ring. To 
the bottom of the ring a wooden deck was attached, thus forming 
a shallow bowl (figures 1 and 2(5)). A petri dish was selected 
which fitted snugly within the ring and was therefore cradled 
within the bowl formed by the ring and wooden deck (fig. 2(3 
\ quarter-inch hole was then drilled through the petri dish and 
the woeden deck near that deck’s lateral edge, and at a point 
distal to the vertical rod of the ring stand 

Below the deck, a small [ 
position which enabled it to support a glass collecting vial below 
the hole drilled through the deck Finally, the petri dish was coy 
ered by a cone formed of cellulose acetate through which a cop 
per tube admitted carbon dioxide (fig. 2(1, 2 
of this cone, a V-shaped notch was cut to permit access of a dis 


-shaped clamp was mounted in a 


From the edge 


secting needle or other manipulator to the petri dish 

Insects previously anesthetized can be placed in the petri dish 
after the velocity of anesthetic flow has been adjusted so as to 
change the atmosphere within the dish rapidly and yet not move 
the insects, and the entire device can be moved under a binocu 
lar dissecting mic rosco pe Small insec ts can he examined in de 
tail, and those individuals belonging to the group to be isolated 
can be moved over and dropped through the hole in the dish 
into the collecting vial below the deck where they remain an 
esthetized as long as the anesthetic flow remains uninterrupted 
Both carbon dioxide and a mixture of carbon dioxide and 
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Kia. 2 An exploded view of the COs deck 1) The copper tulx 


through which the anesthetic is admitted; (2) plastic cover; (3 


petri dish with drop hole; (4) iron support ring; (5) wooden deck 
and (6) the 
broken line 


Drawing by R. E 


collecting vial and vial-holding 


with drop hole; 
issemmbly. The arrow shows the path of the segre 


vated group of insects Orth 


ether have been used as anesthetics. Carbon dioxide alone serves 
isanexcellent anesthetic for short yp riods of time or when abso 
lute immobility. of the anesthetized insects is not) required 
Lphyt 


less for pe riods ranging up to about LO minutes, after which the 


» When under carbon dioxide anesthesia, remain motion 


appendages begin to flex. This flexing action continues during the 
A mix 
ture of COs and ether (obtained by permitting the carbon dioxide 
will hold Aphytis absolutely mo 
a 20-minute anesthetization period. With 
limited to 


balance of the time that the parasites are anesthetized 


to flow over ether in a flask 
tionless throughout 
either agent, anesthetic-induced mortality can be 
less than 1% by limiting the anesthetic period to 20 minutes 

In applications where some insect activity can be tolerated, 
pure carbon dixoide offers absolute safety (as compared with the 
fire hazard inherent in the use of ether), simplicity in use and, 


most tportat tly, rapid resuscitation of the insects 
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Daily Rate of Oviposition of a Brood of 
the Mosquito, Aedes vexans' 


Winttiam R. Horsraur,? University of [inois, Urbana 


Floodwater mosquitoes (Diptera: Culicidae) deposit their eggs 
on soil that is subject to periodic inundation. In general a brood 
of mosquitoes moves to oviposition sites at a time when the water 
table is falling and always arrives before the soil has whelly 
dried. Eggs of Aedes verans (Meigen) at least are placed between 
the horizon of maximum inundation and the water line at the 
time. They are put on the soil proper (crystalline layer) under the 
detritus layer where soil is not cracked or on the uncovered soil 
inside cracks large enough for the mosquitoes to enter. Sites 
shaded by vgrass, herbs or trees are usually chosen. Moisture in 
the soil is essential, but the level required to stimulate oviposition 
varies from species to species. Since the moisture of the surface 
ol exposed soil tends to decrease as the water level falls, the 
horizon at which eggs are placed tends to move lower in the 
site. The degree of slope of the soil will usually affect the width 
of the band of soil at the proper level for attracting ovipositing 
females. The rate of drop in the water table will affect the per- 
sistence of the band of moisture at any one horizon. Rainfall of 
sufficient amount to wet the surface of the scil will permit ovi- 
position over a wider band even though the water table does not 
rise. For these reasons appraisals of the daily rate of oviposition 
for any one brood of floodwater mosquitoes may be erratic. 

Any appraisal of the daily rate of oviposition of a brood of 
fedes verans must be made from a site where females are at- 
tracted uniformly. A flat area of muck that is heavily shaded 
and in which the water table remains constant and near the 
surface would provide the basic conditions. During the late 
summer of 1958, a site was found in Cook County, Illinois, 
where the water table was constant and permanent shade pre- 
vented any observable change in moistness of the surface. The 
site was a cattail marsh where the water table during the ob- 
servation interval was constant at 3 feet below the surface at 
the layer of clay. The black muck maintained a uniformly moist 
\ uniform stand of cattails about 12 feet tall formed a 
No other vegetation 
Five uniform areas or plots were chosen in the 


suriace 
dense shield over several hundred acres 
Was present 
middle of the marsh 

The late-summer brood of Aedes rerans was returning to the 
marsh to ¢ Viposit when observations were begun. No new brood 
was produced throughout the interval 

Each day 15 samples of scil bearing eggs were removed from 
undisturbed portions of the plots between August 9 and 22. 
Samples were processed immediately by means described by 
Horsfall (1956 
represented eggs of all ages from the current as well as former 


Only egys of Aedes rerans were present. They 
broods ot adults 

Eves deposited within the first 24-hour period (called new 
herein) may be distinguished from older eggs by an experienced 
observer. All new eggs have a shiny bronze appearance because 
of the unbroken exochorion They begin to flatten within 3 
minutes when floated on a saturated solution of sodium chloride 
in water. Eggs older than 1 day and yet without mature em- 
bryos collapse only after longer exposure. Eggs containing the 
wax layer will not collapse even after 30 minutes of flotation. 
\ careful observer can differentiate the new eggs by the relative 
plumpness. Day-old eggs have greater girths than elder eggs. 


The late-summer brood. of edes vexans began ovipositing 
The lat l 1 of Aed I I ting 


while an earlier brood was yet in the field and had nearly 
finished within 13 days (table 1). Maximum oviposition was 
complete by August 11. Within the next 5 days the number of 


After 


new eggs deposited decreased to about half the maximum 
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Table 1.—Daily rate of oviposition by Aedes vexans* ina 
cattail marsh, Cook County, Illinois, August, 1958. 





No. or New Eaes Deposirep per PLot 


Dart 

(AUG. ) Maximum Minimum Mean and S.E. 
9 63 5 28 +13 
10 5Y Ss 28+ 8 
1] 32 12 20+ 4 
12 29 7 16+ 4 
13 S4 7 21+ 5 
14 24 10 p+ $ 
15 38 9 20+ 5 
16 
17 11 Ss 12 3 
Is 23 11 15+ 2 
19 19 t 1+ 3 
+0 24 l o+ 4 
| 7 1 $+ 3 
22 7 l st 3 





® Based on an examination of three 36-sq.-inch samples from each of five plots 


on each date. 


another 5 days the number of eggs deposited each day was little 
more than one-tenth the number being deposited during the 
peak oviposition. It appears that at summer temperatures a 
brood concentrates its time of oviposition to a relatively short 
interval. 
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Apparatus for Treating Insects with 
Radioactive Fumigants 


EK. J. Bonn? and F. Canty, Imperial College Field Station, 
Sunninghill, Berks., England 


When handling radioactive gases a completely enclosed system 
is used to prevent loss of the relatively small amounts of the 
gas present and to avoid hazards such as might result from the 
escape of radioactive material. An enclosed system is also ad- 
vantageous because it can be evacuated to low pressures and the 
gas can be moved about and isolated in certain parts of the 
apparatus (Glascock 1954). Such a system has been used to 
apply labelled hydrogen cyanide to insects in studies on the 
uptake, metabolism and fate of the fumigant. To conduct a 
fumigation the apparatus was evacuated to 10 mm. of mer 


cury, the gas was admitted to the system from a reservoir, the 


a ef} _ 





J al, DA, No. 


required amount was isolated in one part and applied to the 
test insects while the remainder was returned to the reservoir 
After the required exposure period the residual fumigant was 
removed so that the test insects could be studied further 

The fumigant, carbon-14 hydrogen cyanide, was generated, 
stored and applied to the insects in the apparatus shown in 
figure 1, The apparatus consisted of a glass manifold with a re 
action tube Q for generating the fumigant, a reservoir U for 
storing it, a mercury manometer D for measuring pressure 
changes and a fumigation chamber E-K for treating the insects 
The manifold was made of 1-cm.-bore pyrex glass tubing and all 
the stopc ocks, except thatat C, were 5-mm. bore; the stopcor kat 
C was 10-mm. bore. The joints were all $ 14/35, except on the 
reaction tube Q where a $ 14/35— $ 24/40 adapter was used 
The manometer, connected by hemispherical joints (28/15) and 
half filled with mercury, was operated as the closed limb type 
The difference in mercury levels was measured by means of a 
cathetometer reading to 0.02 mm. and sited at a distance of 2 
meters. At one end of the manifold a Pirani gauge head W was 
attached for measuring the absolute pressure and at the other 
end a capillary leak valve B and a liquid nitrogen trap A were 
located. The trap contained activated charcoal in the bottom 
and was so constructed that any gas escaping from the manifold 
would pass down the inner tube to the charcoal; the outer part 
of the trap led to the evacuating pumps. A mercury diffusion 
pump capable of reducing pressure to 10° mim. mercury with a 
suitable backing pump was used 

GENERATION OF THE HyDROGEN Cyanipe. — Labeled hydrogen 
eyanide was generated from carbon-14 potassium cyanide, 
of specific activity 0.2 me./mM., in the reaction tube Q; one 
ml. of 85% phosphoric acid was placed in the ampoule R, 
frozen in liquid nitrogen and inverted in the tube S. These tubes 
were inserted in the reaction tube Q which was in turn cooled in 
liquid nitrogen, attached to the manifold and the pressure re 
duced to 107% mm. of mercury. Stopeor k P was then closed, the 
phosphoric acid was allowed to melt and drop onto the potassium 
cyanide. When the reaction was complete the hydrogen cyanide 
was transferred to the evacuated reservoir by cooling the tube 
in liquid nitrogen, closing the stopcock C and opening stopcocks 
P and T. Water vapor was subsequently removed from the 
hydrogen cyanide by replacing the reaction tube with one con 
taining 1 gram of phosphorus pentoxide , evacuating the air and 
transferring the cyanide to this tube. After drying the evanide 
was returned to the reservoir U 

APPLICATION OF THE FuMIGANT TO THE INSECTS. The furmi 
gation chamber E-K, used for exposing the insects to the labeled 


fumigant, consisted of a gas chamber G (34.94 ml. volume 
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Kia. 2 Phe 


furmivation chamber with geiger tube 


which could be evacuated and filled with the desired amount of 
insect chamber K (38.93 ml for hold 
ing the insects at atmospheric pressure. The two chambers were 


connected by the stopcock H which was of l-em 


fumigant and an volume 


bore Inside 
the gas chamber a vane stirrer was used to assist in the transfer 
This 


stirrer, which was inserted by the glassblower during fabrication 


f fumigant from the gas chamber to the insect chamber 
of the apparatus, consisted of a 1-inch diameter dise of aluminum 
through which was fixed at right angles near the circumference 
t about 


a j-inch length of stainless steel rod t-inch diameter 


By moving a magnet outside the tube, the vane could be rapidly 

moved along the axis of chamber G to mix the furnigant with the 

air in the insect chamber K 

A known amount of fumigant was introduced into the fumiga 
The 


ind both arms of the manometer 


tion chamber by the following procedure manifold, the 


vas chamber were evacuated 
to 107 mm. of mercury and then the stopcock on the right arm 
of the manometer was closed to provide the reference pressure 
Stopcor k © of the manifold was then closed and stopcock iy 
of the reservoir was carefully opened to allow fumigant to enter 
the manifold and gas chamber. The manometer level changed 
slowly and with care it was possible to regulate the amount of 
gas admitted. It 


levels of 11.64 mm. as measured by the cathetometer allowed 


was found that a difference in the meniscus 
enough fumigant into the gas chamber to produce an initial 


concentration of 8 myg./l. around the insects. The final concen 
tration could be ealculated from the total volume of the chambers 
and the pressure of the furmigant indicated by the manometer 
which could be determined to an accuracy of 0.2%, Air was ad 
mitted to Chamber G through N and the insects, previously 
plac ed in the insect chamber, were then expose d to the fumigant 
by turning the stopcor k H so as to connect the two chambers G 
and K, mixing being effected by moving the stirrer up and down 
with an external magnet. After the insects had been ¢ X pose d to 
the fumigant for the required length of time the residual cyanide 


was removed by drawing a stream of air through the two cham 
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bers and into two bubblers each containing 5 ml. of 0.1 M NaOH 
This method of fumigating insects has been found useful for 
studying the distribution and metabolism of cyanide in insects 

The rate of uptake of labeled hydrogen cyanide has been 
studied by incorporating an end window geiger tube into the 
fumigation chamber and measuring the decrease in concentration 
of radioactive gas as it was sorbed by the insects. The geiger 
tube, of course, must not be exposed to pressure appreciably 
different from atmospheric or the window may be damaged. The 
exposure chamber previously described was modified to the 
form shown in figure 2. The hollow stopcock H, served as the 
‘hamber for containing the insects and the geiger tube J, with 
an end window thickness of 2.3 mg./em.2, was held by a clamp 
to the socket portion of the stopcock. The junction was made 
airtight with a sealing compound termed “Sealit” (obtained from 
Fisher Scientific Co., Toronto). Fumigation of the insects was 
carried out as pres iously described and the concentration of the 
gas was measured in terms of counts per minute of the disin- 


tegrating carbon atoms 
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Aerial Application of Virus for Control of 
a Pine Sawfly, Neodiprion pratti pratti' 


T. McIntyre? and S. R. DutrKy 


\ pine sawfly, Neodiprion pratti pratti (Dyar), has been epi- 
demic in Maryland since 1954, and more recently has appeared 
in outbreak numbers throughout the Coastal Plain and Pied- 
mont of North Carolina and Virginia 


recorded on approximately 325,000 acres, and each year since 


In 1955 defoliation was 


then ground and aerial surveys have been conducted by the 
U.S. Forest Service and State agencies to determine the extent 
and severity of the rapidly expanding outbreak. In 1959 de- 
foliation on the commonly attacked hosts 
virginiana Mill.; pit h pine, F 
P. echinata Mill.—-was visible over a gross area of more than 14 
McIntyre 1960 

Phis sawfly, commonly called the Virginia pine sawfly, was 
Ross 1955) as a subspec ies of the N. 


Virginia pine, Pinus 
rigida Mill.; and shortleaf pine, 
million acres 
renamed pratti complex. 
Previously it was known as Veodi prion dyart Roh. 

In May, 1954, last-stage sawfly larvae exhibiting typical disease 
symptoms were collected in Montgomery County, Md., and a 
polyhedral virus was isolated from several specimens. Subsequent 
laboratory tests and limited field trials demonstrated that the 
virus would infect and kill healthy larvae. (Anonymous 1956). 
\ 77% kill of larvae was obtained on single trees by the 11th 
day following hand spraying with water suspensions containing 
500 million polyhedra. A sample of the original polyhedral virus 
collected in 1954 has been retained for descriptive and classifi- 
cation purposes 

An initial aerial spraying test was conducted at Beltsville, 
Md., in the spring of 1958, to assess the degree and rapidity of 
control obtainable by using the virus on a larger scale and to 
determine whether an epizootic could be initiated in a high- 
density sawfly infestation. This paper records results of that 
first experiment. 

Three units totalling 100 acres on the Beltsville Experimental 
Forest were sprayed by helicopter with different concentrations 
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of polyhedra. The largest block (about 50 acres) was treated at 


the rate of 20 billion polyhedra per acre, and the two smaller 


units (25 acres each) were sprayed with 5 and 10 billion poly- 
hedra per acre. The polyhedra were in water suspension, and 
all applications were made at the rate of 1 gallon per acre 
Prior to use in the field, samples of 1955 and 1956 virus stock 
were tested against N. pratti pratti larvae in the laboratory 
Thirty second instar larvae were placed on pine foliage dipped in 
a suspension of 1 million polyhedra per cc. (approximately 4 
billion per gallon) from each year’s lot. The insects and treated 
Mortality 


occurred in 4 to 5 days in both lots. The dosage levels for the 


foliage were sealed in petri dishes and held at 30° C 


aerial spraying were selected on the basis of this test and also 
from earlier results obtained with the polyhedral virus of the 
European pine saw fly, Neodiprion sertifer (Geofl Ground and 
aerial applications of 3 to 5 billion polyhedra per acre had given 
consistently good control of N. sertifer in New Jersey and 
Connecticut following initial trials by Dowden & Girth (1953 
Larval hatching of 


test area on April 21, 1958, but the spray treatment was delayed 


pratt’ pratti was recorded within the 


until May 9 because of cool, rainy weather. Favorable spraying 
conditions prevailed during the application. The sawfly colonies 
began to show typical disease symptoms 8 to 10 days later, 
and thereafter feeding slowly declined. Mortality was not com- 
plete, however, until the 16th day. Larvae in the advanced 
stage of the disease were a distinct yellow-orange, and a promi- 
nent crange to red mid-gut was evident through the integument 

The delay in mortality, during which heavy defoliation oc- 
curred, was probably caused by insufficient spray coverage 
Typical polyhedrosis symptoms and complete mortality were 
produced concurrently in nearby virus propagation areas in 6 to 
7 days, using one-half billion polyhedra in 500 ml. water per tree 
Infection was noted in 938% of the colonies in all three test units, 
and eventually 88% of the larvae in sample collections died. Of 
the surviving larvae that cocooned, an additional 4.9% died, 
No difference in 


rate or degree of mortality was noted in the units sprayed at the 


resulting in an aggregate mortality of 92.9% 


three concentrations of polyhedra 

To supplement the field observations, colonies in the treated 
area were collected periodically and reared in the laboratory 
Larvae from the field collections that survived and pupated 
were held for adult emergence in the fall. In all, 703 adults were 


recovered from 1,522 cocoons. The sex ratio of these emerged 


adults was 8 males to 1 female, while adults emerged from col- 
lections of pupae in untreated areas in almost a 1:1 sex ratio 
The fact that female larvae develop for one additional instar 
may account for the greater mortality in this sex 

One year following the 1958 virus application, the three spray 
units were re-examined at 5-day intervals in an effort to recover 
the virus in the small residual sawfly population. Infiltration of 
sawfly adults from adjacent areas had been negligible because 
DDT spraying had nearly eliminated the pest in the surrounding 
forest. No larvae exhibiting typical disease symptoms were re- 
covered 1 year after the initial treatment. No evidence of an 
epizootic of the disease occurred here nor has there been any 
recorded in the thousands of acres with heavy larval populations 


under observation since the initial virus was discovered in 1954 
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Overwintering Habits of Homalodisca 
coagulata, the Principal Natural Vector 
of Phony Peach Disease Virus 
ITerscuen N. Pottarp and GrorGe TH. KaLoostian, 
Entomology Research Division, Agri 
Res Serv... as SD 1 

In the vicinity of Fort Valley, Ga., the influx of adult /omalo 
Lis 


( into woods usually begins late in Septem 
ber or early in October. Movement into winter quarters usually 


a coagulata (Say 


s completed by mid-November except in notably warm fall 


seasons When some coagu/ata may linger in peach orchards until 
Decembe r 

Prior to 1959 much information on the overwintering habits 
of coagulata was obtained by visual observations and by the use 
of sticky-board traps. Adults were found on oak, privet, yellow 
jasmine, and sumac. Following freezing weather adults were 
often found on the ground under oak trees. [t was assumed that 
these insects fell or dropped from the trees at the onset of the 
freeze. In the winter of 1957-58, coagulata adults were trapped 
on yellow sticky bands placed on woodlot trees. Most of the 
captured adults were on bands fastened to trunks of small trees, 
some only a few inches in diameter. This suggested that the 
insects were trapped as they crawled up or down the trunks 
Because of the economic importance of this species, an intensive 
study of its overwintering habits was made during the winter 
of 1959-60 


Meruops ann) Procepures | 


Observations were made in 
HhINe d woods where stu ky board traps had he Cll ¢ Np sed con 
tinuously since 1953. Visual surveys in November 1959 showed a 
rather general coagulata infestation on oak. When the te mpera 
ture began falling gradually during the afternoon of November 
17 and was predicted to drop to 32° F. or lower during the night, 
jarring sheets were placed on the ground beneath two oak trees 
to catch the possible “knock-down” of adult 
two bands of adhesive were applied directly to the trunks of 


coaqulata. Also, 


Phese bands, spaced at 3 


each of 10 infested oak trees nearby 
and 4 feet above ground, theoretically would trap any leat 
hoppers that might crawl up or down the trunk. The sheets and 
bands were examined from time to time following installation 
as long as they provided information on leafhopper activity 
Resuits anp Discusston.—By late afternoon of November 
17th, when the temperature was below 50°, no coagulata were 
observed on the sheets or on the bands. As predic ted, freezing 
temperatures occurred during the night. The following morning 
no coagulata were found on the sticky bands but 89 adults had 
fallen onto one of the jarring sheets. These insects were ob 
At 9:30 a.m. (39° F.) some of the 


leafhoppers were on their backs or sides, but many others were 


served throughout the day 


in upright positions. Three moved feebly between 9:45 (40°) and 
10:15 a.m. (42 By 10:30 a.m. when nearly all the sheet was 
shaded, five leafheppers were in motion; however, some re 
mained motionless even though they were in spots of direct sun 
light. Although several additional adults began crawling about, 
actual flight was not observed until the temperature reached 49 
at noon. At that time one leafhoppe r flew in a low, 
flight for a distance of 25 feet, another flitted about and finally 
hopped over the edge of the sheet, and still another flew to a 
height of 10 feet, hovered an instant, then fell to the ground 
From 12:30 to 2:30 p.m., 


sustained 


as the temperature rose from 51° te 
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52°, several leafhoppers left the sheet, some so suddenly that 
their flight could not be followed. Others were observed with 
ease. A few flew in a low, direct line to nearby bushes no more 
than 3 or + feet high. Some whese flight was not impeded by 
overhanging branches showed a tendenc v to fly upward. One 
circled an oak tree and came to rest 15 feet above ground on a 
branch of a nearby oak. Another spiraled upward. By 2:30 p.m. 
some coagulata were reéstablished and feeding on oak as evi- 
denced by visible exudation droplets The last flight of the day 
occurred at 3:10 p.m., when the temperature was about 55°, 
Of the 21 coagulata remaining on the sheet at that time, 1 was 
dead, 6 died the following day, and 14 survived. 

Repeated observations of the overwintering habits of coagulata 
confirmed the fact that the insect passes the winter in the adult 
ind that it dees not hibernate 


long, it cannot survive im areas olf pre longed freezing weather 


stage Since it must feed all winter 
Phus, its geographical distribution is limited to areas south of 
Atlanta and Athens, Ga 

In these 


vagulata, although wild cherry, 


studies, oak was the principal source of food for 


dogwood, sumac, and pine were 
particularly during reéstablishment 
Adults were m 
on pear h trees adjacent to infested woodlots. The threshold of 
Adults dropped from trees im 


accepted to some extent, 


pe riods following cold sy Ils t observed feeding 


flight activity was about 50° F 
freezing weather and flew back to the 


moderated. No 


the few that were 


trees when the weather 


vy on tree trunks and 


vagulata were seen crawl 


caught on sticky bands presumably were 


captured in flight 


Control of Sparganothis sulfurana 
on Cranberry 
W. I 


PoMLINSoN, Jr 


was first reporte d from « ranberrs 


1908 


S parqganoth ulfurana (F 
by Franklin (1907) in Massachusetts, and Hardenberg 
reported it from cranberry in Wisconsin. The species was recog 
nized to be of economic importance to cranberry when Beckwith 
1938) reported the infestation of two New Jersey bogs on which 
it destroyed up to two-thirds of the developing crop in 1935 and 
1936. Since then it has periodically caused injury in New Jersey, 
according to Tomlinson (1947) and Marucer (1953, 1959 

In 1953 and 1954, heavy local infestations of this species o« 
Massachusetts bogs. These 


widespre id infestations in the vears 1955 through 1959 


curred on some were followed by 
more 
Also, according to private correspondence, the larvae of this 
species were numerous enough on at least one Wisconsin prop 
erty in 1960 to cause some concern there 

In Massachusetts and New Jersey, this species overwinters as 
flooded bog floor 
heavy populations and high winter survival, 


these overwintering larvae may cause son PUPS hy feeding on 


first-instar larvae hidden in the trash on the 


In vears following 
terminal growth and developing blossoms. However, the brood 
of larvae that develops in July and August ordinarily is by far the 
most numerous, and much more destructive because it feeds pri 
inarily on the developing berries, each larva damaging several 
hefore development is completed in late summer. 

In Massachusetts, 
igainst this species ino L954 


chemical control studies were initiated 


Since 1956 the control of S. sul 
furana was calculated from the same replicated plots and in the 


same manner as reported by Tomlinson (1960) for the cranberry 


fruitworm. Square-rod plots were replicated three times and 


sprayed twice, 10 days apart, in July, with dilute high gallonage 


sprays at about 300 gallons per acre. Results were determined 


from 1,000-berry samples picked at random from the centers of 
the plots at the regular harvest time in September, and contro! 
Abbott’s formula (1925 numbers of 


determined by from. the 


SCLENTIF 


1c NOTES 811 


Table 1.—Reduction of cranberries damaged by Spar- 
ganothis sulfurana in replicated plots. 





Repuction iN DaMAGED Berries 
‘ 





ACTIVE (%) 
INGREDIENT; A 
INSHCTICIDE LB.) 1957 1958 1959 Average 

Parathion 8 Flowable 0.75 98.9 99.7 99.3 
Diazinon W.P., 25% 2.25 96.9 97.9 97.3 97.4 
Guthion W.P., 25°% 1.5 99.4 97.9 98.7 
Dylox Sol. Powder, 50° 3.0 97.9 85.9 91.9 
Sevin W.P., 50% 3.0 98:1 98.9 99.1 98.7 
Phiodan W.P., 50% 2.25 92.2 93.8 93.0 
Ethion W.P., 25° 1.5 87.3 91.5 89.4 
5 Rotenone 7.8 97.3 90.6 93.9 
DDT W.P., 50% 50 
Damaged berries in un 

treated check (% ae 19.2 24.2 20.2 
Pe) sulfurana damaged berries in the sprayed and unsprayed 


plots. Table 1 summarizes the tests and the contrel. 


Of the insecticides tested two or more seasons, parathion, 
O,O-diethyl O-(2-isopropy]-6-methyl-4-pyrimidiny! 
0,0-dimethyl S-(4-0xo-1,2,3° benzo- 
Sevin® (1- 


Diazinon 
thiophosphate), Guthion 
triazin-3-( 4H) yimethyl] 

naphthy | N-methy learbamate 


phosphorodithioate) and 
gave outstanding control of S. 
Dyvlox 2,2,2-trichloro-1-hydroxyethy! 
phosphonate), ethion, Thiodan® (6,7,8,9,10,10-hexachloro-1,5,5a, 
6,9,9a-hexahydro-6,9-methano-2, 4,3-benzodioxothiepin 3-oxide 
and rotenone plus DDT were less effective, but still gave 


sulfurana dimethyl 


economic control 
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Endemic Populations of the Spruce 
Budworm in the Adirondacks' 


Puitie B. DowpEeNn 


Insects that persist at low population levels may be of con- 


siderable importance. Therefore entomologists often make plans 
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to continue studying the ecology of a noxious insect through at 
least one full gradation. But many such plans are abandoned 
principally, perhaps, because it may be physically impossible to 
obtain enough data for reliable interpretation. This seems true 
for certain forest insects such as the spruce budworm (Choristo- 
neura fumiferana Clem.). 

The spruce budworm has been present in outbreak form in 
Canada and the United States for the last 22 years, and very 
large areas have been affected in both the East and the West 
However, all areas have not been affected simultaneously; and 
in some sections heavy outbreaks have subsided completely. 
This was true of a heavy outbreak discovered in the Adiron- 
dacks of New York in 1945, which very nearly disappeared by 
1948. The previous outbreak in the Adirondacks also had sub- 
sided very quickly. There is evidence that heavy defoliation o« 
curred between 1919 and 1922, and a considerable amount of 
timber was killed locally; yet the infestation disappeared shortly 
thereafter 

To follow the trend of the population level in the Adirondacks 
and to check on parasitization, it was planned to make collee- 
tions of budworm larvae and pupae at a number of designated 
observation points for a 10-year period, starting in 1949. An 
experienced survey crew from the New York State Conserva- 
tion Department visited the designated points for several years 
Only a few specimens were ever found, and this work was finally 
abandoned. 

In addition to work done by the New York State Conserva- 
tion Department, the writer attempted to collect overwintering 
budworm larvae at five locations well distributed throughout 
the region. Rather intensive studies had been conducted at each 
during the outbreak, and all were representative of the limited 
broken-up balsam stands that are common to the Adirondacks 

The budworm overwinters as a second-instar larva in a hiber- 
naculum spun on the twigs. The tiny larvae emerge about May 1 
They usually are attracted toward the light; so 15-inch balsam 
twigs from the five collection points were placed in pasteboard 
boxes fitted with glass tubes in order to trap emerging larvae. 
By no means did all larvae in boxes of this type find their way 
into the tubes, and Lewis (1960) has recently shown that para- 
sitized larvae are less phototropic than others. The method has 
proved useful for comparative purposes, and in this case the 
boxes were held long enough to recover any parasites that com- 
pleted development. Sixty 15-inch twigs were collected at each 
point in 1949 and 1950; 75 at each point in 1951 and 1952, and 
100 at each point from 1953 through 1958. During the outbreak, 
populations averaging 5 to 6 budworms per 15-inch twig were 

common. Recoveries from 1949 to 1958 are shown in table 1. 

The data show clearly that the budworm has persisted 
throughout the Adirondacks for the last 10 years despite the 


Table 1.—Hibernating spruce budworm larvae recovered 
in the Adirondacks, 1949-58. 





NumBer oF Larvak Recoveren,* BY 
COLLECTION PoINt 


Franklin Mt Long 
YEAR Falls View Millbank Hollywood — Lake 
1949 17 28 14 58 3 
1950 0 10 0) 0 0 
1951 s } l 0 0 
1952 l 13 3 l 0 
1953 0 8 0 ? 1 
1954 5 ?1 9 6 ? 
1955 5 12 9 7 5 
1956 I t 0 ) 0 
1957 0 8 2 l 0 
1958 0 ) t 0 iT) 





® Based on 100 fifteen-inch balsam fir twigs. 
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fact that it has been almost impossible to find full-grown larvae 
and pupae. Such data cannot be used quantitatively, but they 
indicate that several budworms regularly survive and reproduce 
on mature balsam trees throughout the region. There is no doubt 
that populations were too low to conduct intensive population 
studies without expending a tremendous amount of time and 
money. 

Differences in numbers of larvae recovered at each location 
cannot be satisfactorily explained. The trees at Mt. View are 
larger than those at the other points, but this in itself hardly 
explains why more larvae were recovered there. [It is a fact, how- 
ever, that Mt. View was one of the heavily infested areas and 
Long Lake one of the lightly infested ones during the outbreak 

Dissections indicated that the two common parasites of hiber 
nating budworm larvae, A panteles fumiferanae Vier. and Glypta 
fumiferanae (Vier.), undoubtedly maintained themselves during 
this period. Both species were recovered at Franklin Falls, Mt 
View, and Hollywood between 1954 and 1956. A panteles was 
recovered at Millbank in 1950. Neither species was found in the 
few larvae collected at Long Lake 
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4 Simple Rearing Medium for the Indian- 
Meal Moth, Plodia interpunctella' 
Mercer P. Russeii, Purdue University, Lafayette, Indiana 
During the winter of 1959, an infestation of Indian-meal moth 


Plodia inter punctella (Hiibner 
unshelled pistachio nuts. The infested material was brought into 


was reported in heavily salted 


the laboratory for the purpose of rearing the adults. The nuts 
were placed in a one-quart Mason jar, fitted with a fine cloth 
mesh top. A few sheets of crumpled facial tissue were placed in 
the chamber for pupation sites. Although the culture was kept 
in a room with a relative humidity of approximately 35% to 
10%, the excess salt on the covering of the nuts absorbed sufti 
cient moisture to maintain the meats in a moist condition and to 
keep growth of mold at a minimum. 

In the period between February and May, more than 200 
adults and 75 larvae were collected at irregular intervals from 
the culture of 125 nuts. The removal of the larvae was accom 
plished by sliding out the facial tissue and removing the larvae 
that wandered about over its surface in search of pupation sites 
Adults in good condition were collected with an aspirator either 
from the sides of the container or from pieces of the tissue that 
had been removed from the culture to clear plastic containers 
prior to emergence from the pupae, 

Subcultures were started by introducing a few infested nuts 
into jars containing approximately 100 fresh pistachios. 

Subsequent to the initial use of the pistachio-nut medium for 
rearing the Indian-meal moth, the tec hnique has been used by 
workers engaged in testing potential toxicants and repellents 
against this insect. During the course of the testing program, 
approximately 1,900 larvae have been reared over a period ot 
7 months, without incident 

Peterson (1959) recommends that when using standard rear- 
ing media, “Low humidities, typical of most heated rooms, can 
he corrected by plac ing the rearing containers in a large, ¢ losed, 
metal container possessing one or two glasses of water. At pupa 
tion time, the rearing containers should be removed and sub 


jected to lower humidities, because there is a decided water loss 
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when the larvae transform into pupae. This produces excess 
moisture which can build up the humidity in a closed container 
to a point that will permit pathogenic organisms (fungi, bac 
teria or viruses) to develop. These are capable of destroying an 
entire culture.” 

The advantages of using pistachio nuts as a rearing medium 
appear to be the maintenance of the larval growing sites at a 
relatively high moisture level, without the necessity of a sur- 
rounding high relative humidity, and in addition, the possi- 
bility of maintaining the pupation sites in the same container 
at the required lowered relative humidity. Furthermore, the 
absence of any appreciable amounts of mold in the culture ap- 
pears to be a distinet advantage. It is realized that the tech- 
nique for using pistachio nuts as a rearing medium for the 
Indian-meal moth would not be practical for extensive production 
but it should he quite satisfactory for rearing relatively small 
numbers of this insect, or for a short period ol time, espec ially 
under conditions where adequate equipment or facilities are 


not available 
REFERENCE CITED 
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Susceptibility of Boll Weevils to Some 
Phosphorodithioie Acid Esters’ 


B. A. Burr and J. C. Ketter, Entomology Research Division, 
{yricultural Research Service, U.S.D.A2 


During the past 5 years a number of phosphorodithioic acid 
esters have been submitted from different sources to the Bio- 
logical Investigations Laboratory of the Entomology Research 
Division at Brownsville, Texas for preliminary testing against 
the boll weevil (Anthonomus grandis Boh.). This paper reports 
the results of tests with 17 esters that are no longer confidential 

Marertats anp Meruops.— The boll weevils used in these 
tests were reared from cotton squares collected in the field and 
held in the laboratory at 80° F. until emergence. For each test one 
screen-wire cage containing 20 weevils of mixed sexes that were 
2 or 3 days old were sprayed with 4 ml. of an acetone solution 
of the insecticide in a horizontal wind tunnel (air velocity 
9 m.p.h.). After treatment the insects were removed from the 
wind tunnel and held at 80° F. Mortality was recorded after 48 
hours. Weevils were considered dead that failed to respond toa 
slight probing with a small electric soldering iron heated to 
170° F. ¢ ompounds that failed to kill at least 90% of the test 
insects at a concentration of 1% were not tested further. 

Dieldrin and toxaphene were used as standards, The follow 


w compounds were tested 


Phosphorodithiot acid, 
O0,0-dimethyl S-phthalimidomethyl ester (Stauffer R-1504 
0,0-diethy] S-phthalimidomethyl ester (Stauffer R-1448 
S-(2,5-dichlorophenylthio)methyl O,O-dimethyl ester (Geigy 
SO494 
S-(p-chloropheny Ithiomethyl! 
Trithion 
0,0-diethyl S-(p-oxathian-3-yl) ester) Hercules 2032 
0,0-dimethyl S-( p-2-oxathien-x-yl) ester (Hercules 3273 
0,0-dimethyl S-(N-methylearbamoylmethyl) ester (dimetho 
ate 
0,0-dimethyl S-(N-ethylearbamoylmethyl) ester (Am. Cy 
anamid 18706 
N= ( pe hlorophenylthiomethy! 0,0-diethyl ester (Trithion 
S-2-(ethylsulfinyDethyl O,0-dimethyl ester (Bayer 23453 
0,0-diethy] ester CP 


0,0-dimethy! ester Methyl 


S-!1,2-bis(methoxyearbonyl) vinyl 
A020 
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Table 1.—Mortality of 2- to 3-day-old boll weevils caused 
by phosphorodithioic acid esters. 





Per Cent Kutt in 48 Hours at INpicatep 
f 


CONCENTRATION ()) 


INSECTICIDE 1.0 0.5 0.25 0.1 0.05 0.02 01 
Stauffer R-1504 100 100 100 100 100 90 
Stauffer R-1448 100 100 100 95 80 30 
Geigy 30494 100 100 100 100 95 10 
Methy! Trithion 100 100 100 100 90 so 
Geigy 30498 100 100 100 100 80 
Hercules 3273 100 100 100 100 50 
Hercules 2032 100 100 100 100 15 
Dimethoate 100 100 100 80 55 
Am. Cyanamid 18706 100 100 90 10 10 
Trithion 23708 100 100 80 
Bayer 23453 100 100 60 
CP-20220 100 75 70 25 
Ethion 100 50 40 
Geigy 27365 100 80 50 10 
Geigy 28029 100 5 45 
Hercules 2118 80 
CP-18206 sO 
Dieldrin standard 100 85 54 40 
Toxaphene standard N+ 66 52 31 





Methanedithiol, 
ethion) 

S,S-bis(O,0-dimethyl phosphorodithioate) of 2,3-p-dioxanedi- 
thiol (Hercules 2118 

S,S’-Thiodimethylenebis(O0,0-diethyl phosphorodithioate) (CP- 
13206) 

Phosphorodithioic acid, 
S-(3,4-dichlorophenylthio)methyl O,O-diethyl ester (Geigy 

27365 


S- 2,5-dichlorophenylthio methyl 0,0-diethy] ester (Geigy 


S,S-bis(O,O-diet hy | phosphorodit hioate) 


28029) 
S-(3,4-dichlorophenylthio)methyl O,0-dimethyl ester (Geigy 
30493) 


The results of these tests are summarized in table 1. 

Discussion.—Stauffer R-1504 was the most toxic material 
tested and killed 90% of the weevils at a concentration of 0.01%. 
Geigy 30494, Methyl Trithion, Stauffer R-1448, and Geigy 
30493 were the next most effective and produced kills of 95%, 
90%, and 80%, respectively , at a concentration of 0.05%. These 
five compounds were more effective than the dieldrin and toxa- 
phene standards. Hercules 3273, Hercules 2032, and dimethoate 
at 0.1% killed 100%, 100%, and 80%, respectively, and were 
more effective than the toxaphene standard and about equal to 
the dieldrin standard. Am. Cyanamid 18706, Trithion, and 
Bayer 23453 were slightly less effective than the dieldrin stand- 
ard and more effective than toxaphene. CP-20220, ethion, 
Geigy 27365, Geigy 28029, Hercules 2118, and CP-13206 were 
either slightly more effective than or about equal to the toxa- 
phene standard 


Accepted for publication March 30, 1961 
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A Simplified Technique for Sterilizing the 
Surface of Aedes aegypti Eggs’ 


Watrer L. Jones? and Dwiagut M. DeLona, 
The Ohio State University, Columbus 10 


In recent years biologists have become more cognizant of the 
need for aseptic testing when working with organisms, whose 
nutrition involves microorganisms or their products. Aseptic 


rhis investigation was supported by a research grant, FD-GR-60-6, U.S. 
Army Chemical Corps R and D Command, U.S. Army Biological Laboratories, 
Fort Detrick, Maryland. Accepted for publication April 10, 1961 

Present address: Department of Biology, Langston University, Langston 
Oklahoma 
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rearing of arthropods began in 1808, when Bogdanoy reported 
having reared blue bottle flies of the genus Calliphora from egg 
to adult aseptically. Progress in aseptic work moved rather 
slowly because of the inadequacy or lack of understanding of 
the experimental diets. Aseptic experimentation has become a 
useful tool in nutritional, physiological, and laboratory ecological 
studies, 

The key to success in aseptic work is the confinement of ac- 
tivities to an area in which the air current is reduced to the 
minimum. It has been demonstrated by previous investigators 
that most of the culture contamination is due to organisms in 
the air, rather than by organisms that are not killed by the 
sterilizing agent. 

Mareriats AND Metrnuops.—The work on this technique was 
conducted in a small room, free of excessive air current, in which 


a sterilizing cabinet was constructed (4 by 3’ by 1.5’) and walled 


with vinyl plastic. Prior to using the cabinet the walls were 
wiped with a cloth that had been soaked in a 5% solution of 
phenol, and sterilized with a germicidal lamp for 1 hour. 

The equipment used for surface sterilization includes: petri 
dishes, medicine droppers, forceps, alcohol lamp and sterilizing 
cups. All are standard laboratory equipment except the cups 
The cups are composed of plastic and cloth. The plastic cups 
were made by cutting ;°s-inch plastic tubing into }-inch lengths, 
and gluing a piece of broadcloth over one end. The cloth cups 
were made of pieces of broadcloth, 1 inch square, sewed in the 
shape of a cup. Both types were used with satisfactory results 

Many sterilizing agents were used with varying degrees of 
success. In selecting a sterilizing agent, care was taken to obtain 
one which yielded maximum effectiveness in the minimum 
amount of time. Lea & DeLong (1956) found that a 0.87% 
sodium hypochlorite solution was very effective as a sterilizing 
agent, and it was used here with good results. The sodium hypo- 
chlorite solution was most satisfactory because it effectively dis- 
solved the adhesive substance surrounding the egg which was 
considered the source of contamination. 

Eggs in the laboratory stock cx lony of Aedes aegypti L.) are 
laid on moist strips of paper toweling, and are properly condi- 
tioned and stored by drying the strips between paper towels 
Surface-sterilized eggs were obtained by the following procedure: 

The sterilizing process involved the removal of the eggs from 
the paper strips with a camel’s-hair brush, and placing them in 
the cups. The cups containing the eggs were washed in 70% 
alcohol for 5 minutes. During this washing and subsequent 
washings the eggs were agitated continuously with a medicine 
dropper to insure adequate preparation for sterilization. The 
medicine droppers were kept in 95% alcohol to reduce the possi- 
bility of having them become contaminated. Immediately fol- 
lowing the 5-minute rinse period, the cups were transferred, 
with forceps that had been flamed, to the sodium hypochlorite 
solution where they were sterilized for 2 minutes; if the eggs are 
allowed to remain in the sterilizing solution longer than 2 min- 
utes, hatchability is greatly reduced. The cups were then trans 
ferred to a second 70% alcohol rinse, and allowed to remain fer 
# minutes. The cups were finally rinsed in autoclaved distilled 
water. Following the water rinse the cups containing the eggs 
were transferred to a suitable sterile liquid medium. Hatchability 
is rapid since the rate is greatly increased when the eggs are sub- 
merged in deoxygenated media. The newly hatched first instar 
larvae escape from the cup through the open end and develop 
ment continues. 

Conciusion.—This technique has proved most satisfactory 
when working with A. aegypti larvae in specific numbers. Steri- 
lization can be obtained in 85% of the cases. It may be easily 
modified, and all materials and equipment used may be found 
in most laboratories. The “cup alcohol-clorox” technique as it 
has been designated is not presented as a panacea for the many 


ills associated with aseptic work, but its advantages outnumber 


any disadvantages. 
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Effectiveness of Ruelene and Ronnel for 
Ear Tick Compared with Cattle 
Grub Control! 

T. L. Harvey and J. R. Brernour.? Fort Hays Branch 


Kansas {gyri ultural Ex pe riment Station, Hays 


The ear tick, Otobius megnint Duyes , is regarded as a more 
important pest in the Southwestern United States than in Kansas 
Parish 1949 


from infested areas often cause concern among stockmen 


However, ear ticks in cattle shipped to Kansas 


Since some cattle are treated with systemic insecticides for con- 
trol of cattle grubs, Hy poderma spp., the question arose regarding 
the extent to which ear ticks might also be controlled. Present 
tick control involves applicatic n of insecticides direc tly in the 
ear passages (Kemper 1947). If effective an indirect means of 
treatment such as the “pour-on” method of applying systemic 
insecticides (Rogoff & Kohler 1960) would require less effort and 
handling of animals 

The purpose ot this investigation was to « ompare the relative 
control of ear ticks and cattle grubs with ronnel and Ruelene 
O-4-tert-butyl-2-chlorophenyl O-methyl methylphosphorami 
date 

Metrnuops The steer calves used in these tests were shipped 
from southern Texas to Kansas during October, 1960. They 
averaged 500 pounds at time of treatment. 

In the first test on November 1 ear ticks and cattle grubs were 
counted on 48 steers and 24 animals were treated with Ruelene 
by the “pour-on” method described by Rogotfl & Kohler (1960 


% Ruelene was applied in two parts 


One part of emulsifiable 25 
water at 5 ounces total per head. Ticks were counted in both 
ears of the 24 treated and 24 untreated steers 1 week after ap 
plication. A microscope lamp was used to illuminate the ear 
passages. Cattle grubs were counted on the same animals about 
1 month after treatment 

The second test involved 14 steers, half of which were given 
ronnel as a feed additive. Ronnel was fed 4 days at 40 mg. pet 
kg. per day mixed in a ration consisting of 40 Ib. Ellis sorgo 
silage and 1} Ib. cottonseed meal. Actual intake of ronnel was 
about 30 mg. per kg. per day since all feed offered was not con 
sumed. The animals used as a check received a similar untreated 
ration Ear tic ks and cattle vrubs were counted or November 
23, the day treatment was initiated and again on December 23 

In addition to the two tests previously described, ears of 
several steers were filled with emulsifiable 25% Ruelene after 
which excess insecticide was shaken out by the animnals. Ob- 
servations were made on the presence of cattle grubs and ear 
ticks at the time of treatment and | month after treatment. 

RESULTS As shown in table LA, ear tick control 4.5%), re 
sulting from Ruelene “pour-on” treatment was insignificant, 
whereas, on the same animals cattle grub control was excellent 
98.6%). Rogoff & Kohler (1960) reported 99% control of cattle 


Contribution No, 157, Fort Hays Branch Experiment Station and Con 
tribution No. 787, Department of Entomolog Kansas State University 
Kansas Agricultural Experiment Station, Manhattan. Accepted for publica 
tion April 13, 1961, 
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Tabie 1.—Effect of Ruelene and ronnel on the control of 
the ear tick and cattle grubs on 500-pound steers. 1960. 





AVERAGE NUMBER 
CaTrrLe GRUBS PER 


AVERAGE NUMBER 
Picks PER 


STEER STEER 
At Time 1 Week At Time of 1 Month 
PREAt No. of Treat after Control Treat after Control 
MENT Streers ment Treatment %) ment Treatment %) 

1. Applied Nov. 1 by “‘pour-on” method at 5 oz. of 8.3% emulsion per head 
Ruelene 24 14 4 12:7 4.5 12.0 0.4 98.6 
Untreated 24 17.0 15.7 10.2 23.3 

B. Fed Nov, 23-26 inel. at rate of 380 mg./kg./day 
Ronnel 7 F.3 7.7 0 22.3 2.4 93.3 
Untreated 7 13.3 7.38 18.3 29.3 





* | month after treatment. 


Mild bloat and 
salivation were noted in one treated animal from 12 to 36 hours 
after treatment. Other than slight 
effects on skin of treated animals were noted 


grubs with Ruelene applied in this manner 
scruffiness no undesirable 


Ear ticks were likewise not controlled by ronnel given as a 
feed additive at a rate which controlled 93% of cattle grubs in 
table 1B 


noted; however, there appeared to be a loss in appetite as about 


same steers No evidence of toxicity to steers was 
a I-day supply of the treated ration remained at the end of the 
t-day feeding period. 

Preliminary observations indicated emulsifiable 25% Ruelene 
applied as a drench in the ear controlled ear ticks, but did not 
control cattle grubs 

DIscUSSION Ruelene and ronnel as applied in these tests did 
not control ear ticks by systemic action. Possibly cattle grubs 
are more sensitive to these insecticides than ear ticks because of 
the relationships of the two parasites to the host. The grubs are 
continuously exposed to the insecticide in the body fluids and 
tissues; whereas the ticks intermittently ingest only small quan- 


tities of blood 


However, since ear ticks may be controlled by direct contact 
with Ruelene, this suggests an ear treatment which would con- 
trol ticks by contact and grubs by systemic activity. Although 
25% Ruelene applied in the ear did not control grubs, more con- 
effective insecticides should be tested System 
insecticides on lone star tick, 
americanum L Adkins ef a/. 1955) and Gulf Coast tick, Am- 
hlyomma maculatum WKock. (Adkins & Arant 1957 
An ear treatment for control of cattle grubs 


centrated or 
action of several {mblyomma 
was demon- 
strated in rabbits 
and ear ticks probably would not reduce the required handling of 
animals, but it would eliminate one of the two operations now 


performed 
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Some Predators and Scavengers Feeding 
upon Pink Bollworm Moths' 


EpGar W. Ciark and Perry A. Guick,? Entomology Research 
Division, Agric. Res. Serv., U.S.D.A.,° Brownsville, Texas 


During the last 4 years, predators and/or scavengers of the 
pink bollworm (Pectinophora gossypiella (Saund.)) have been 
captured incidental to studies of the dispersal and habits of this 
moth at the Brownsville, Texas, laboratory. Pink bollworm- 
moths, 1 to 3 days old, were tagged by feeding on a carbohydrate 
solution (Clark & Lukefahr 1956) containing 0.04-0.08 ye. /yl. of 
labeled phosphoric acid. The P* phosphoric acid used in these 
studies was in a weak hydrochloric acid solution and had a spe- 
cific activity of 17,000 me./g. The moths were tagged in a 
screened cage measuring 12 inches on a side with a removable 
bottom, which facilitated release of the insects after feeding. 
From 100 to 300 moths were placed in a cage and permitted to 
feed on the P®-carbohydrate solution for 48 hours, after which 
they were released either in a }-acre cage or in fields with or 
without cotton plants. Traps with near-ultraviolet lights that 
produced a maximum output in the 3,000-4,000 angstrom area of 
the spectrum were used to capture the released tagged moths 
Glick & Hollingsworth 1955). The lights were placed at various 
distances from the release point and operated for different periods 
of time. 

In addition to pink bollworm moths, predators and/or scaven- 
gers were attracted to the lights and captured. Some of the 
latter insects were found to have been secondarily tagged by 
feeding on the radioactive moths. In addition to those second- 
arily-tagged insects trapped by the ultraviolet lights, radioactive 
spiders were found near the release points by means of a Geiger 
counter. The following is a list of the radioactive arthropods 
captured in the traps, with the number taken in parentheses. 


INSECTA 

Achetidae: 

{chela sp. (4) 
Carabidae: 

Anisotarsus nitidipennis Lec. (1 

Selenophorus fatuus Lec ] 

Stenomor phus californicus (Men.) (1 
Cleridae: 

Enoclerus quadrisignatus Say (Checkered beetle 1) 
Labiduridae: 

Labidura riparia (Pallas) (Shore earwig) (5) 
Staphylinidae: 

Lathrobium sp. (1 

Philonthus alumnus Er. (2 


(RACHNIDA 


Clubionidae: 
1 Undet. sp l 
Ctenidae: 
1 Undet. sp. (1 
Gnaphosidae: 
1 Undet sp 2 
Lycosidae: 
Pardosa milvina Hentz (3 
2 Undet. 
Pisauridae: 
Dolomedes sp. (1) 
2 Undet. 


spp. (4 


spp. (5 


Accepted for publication April 17, 1961 
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Salticidae: 
Plexippus paykulli (Audouin) (4) 
Phidippus audax (Hentz) (5) 
Scytodidae: 
1 Undet. sp. (1) 
Theridiidae: 
1 Undet. sp. (1) 
Thomisidae: 
1 Undet. sp. (1) 


Of these arthropods, the checkered beetle has been reported by 
several entomologists to be of some economic importance as a 
predator in the Coastal Bend area of Texas, at times causing at 
least a 20% reduction in the pink bollworm population in cotton 


blooms. 
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Equipment for Blood Feeding and Holding 
Large Numbers of Culicoides in 
Experiments with Sheep’ 


Rosert Henry Jones,? Entomology Research Division, Agric 
Res. Serv., U.S.D.A., Kerrville, Texas 


This paper describes equipment that has been used successfully 
in studies with the fly Culicoides variipennis sonorensis Wirth and 
Jones. It is for use with large animals, such as sheep, and makes 
it possible to handle a large number of flies in a short time. This 
equipment was developed and tested at the Kerrville, Texas, 
laboratory as part of a cooperative program with the Denver 
laboratory of the Animal Disease and Parasite Research Divi- 
sion of the U. S. Department of Agriculture to determine the 
vector of bluetongue disease of sheep. Because it is essential that 
every insect used in disease transmission studies be accounted 
for, the apparatus was designed for use without the escape of a 
single fly. The equipment and the procedures used with sonoren- 
sis are described in detail where necessary to emphasize this 
important aspect. Important parts are labeled on the photo- 
graphs, and some clearly illustrated details are omitted from the 
text. Equipment dimensions are given only where they are essen- 
tial; most of the measurements are not critical and can vary 
with the materials available for construction 

Cace.—The functions of blood feeding and holding are com- 
bined in one cage to reduce mortality caused by handling. The 
cage (figures 1 and 2) consists of a cylinder 43 inches in diameter 
closed at one end. The closed portion of the cage is constructed 
of 40-mesh wire screen, and the open portion of two 13-inch 
rings of clear plastic }-inch thick. A narrow space between the 
rings permits the insertion of a sliding rectangular lid (fig. 1, a 
made of 26-gauge sheet metal painted white on one side. A 
grooved plastic block (fig. 1, 6) on each side of the cage connects 
the two plastic rings, centers the lid, and guides lid movement 
One end of the lid has a hole exactly the size of the bore of the 
plastic rings. When the lid is pulled open a cotter pin (fig. 1, « 
aligns the hole with the inside walls of the cage; when the lid is 
closed, a bent spring wire (fig. 1, d) is inserted into a small hole 
near the center of the lid to lock it securely in place. To chloro- 
form flies or to remove them with an aspirator, tubing is in- 
serted through holes (fig. 1, ¢) in the cage wall, one above and 








Fic. 1.—-Combination blood-feeding and holding cage, shown as 
used in holding. (a) sliding lid. (b) grooved plastie block. (¢ 
cotter pin. (d) spring wire for locking cage. (e) holes through 
cage wall, covered by rubber patch f) sheet metal portion of 


cage end y plastic dish (h hook for rubber bands ai lip vial. 


one below the cage lid. Each of these holes is covered with a 
thick rubber patch with a central pinprick for the insertion of 
the tubing. 

The plastic components and the lid are machined to close 
tolerances to permit ready movement of parts without the escape 
of flies. The slot between the rings is sealed by the snug-fitting 
lid except for the fraction of a second when the lid is moving 
Because of the careful, rigid construction of the cage, this open- 
ing is too narrow for the passage of flies; even a fly as small as 
the smallest sonorensis will be crushed if pulled through the slot 
as the cage is closed. A thinner lid with a narrower slot between 
the plastic rings can be used if very small species of Culicoides 
are to be utilized 

A piece of white-painted sheet metal (fig. 1, f) in the bottom of 
the screen portion of the cage contains a hole into which a 
plastic dish with tapered sides (fig. 1, g) fits tightly. This dish is 
secured to the cage with rubber bands that extend to a small 
hook (fig. 1, h) on each side. When a lip vial (fig. 1, 2), which ts 
inserted into a hole in some of the plastic dishes, is used in con- 
junction with the dish, it is also held in place with rubber bands 
extending to these hooks. As a safety measure, two rubber bands 
are always fitted between any two points 

Bioop Frrepinc.— Flies are fed on the ventral area of a sheep; 
usually a ewe is used so that urine will not have to be disposed of 
centrally. The feeding surface is first) sheared, then closely 
clipped with small animal clippers, sponged with clear water, and 
thoroughly dried. The sheep is then placed in a restraining rack 


(fig. 2) and the cage attached. Frequently two cages can be 


1 Accepted for publication March 2, 1961 
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the construction of the equipment 
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Sheep restraining rack, with cage in place. (a 


strap d strap over back. 


placed on the same sheep; since they are easily changed, a series 
ot cages can be handled rapidly. 

The rack is designed to allow the sheep maximum movement 
without damage to the cages. It is elevated so that the sheep’s 
belly is raised to a convenient working distance from the floor; 
this arrangement facilitates handling of the equipment and the 
necessary close observation during blood feeding 

The sheep is secured in such a way that the restraining mecha- 
nisms that could impede circulation are loosely applied. The 
animal is held in the rack by looping the adjustable cord (not 
visible in illustration) of the movable head stanchion (fig. 2, @ 
over its neck. One side of the rack, 
initially adjusted to tighten against either a large or small sheep, 
is pulled inward with a cord (fig. 2, 6) to secure the body tightly, 
2, ¢) attached to 


which pivots and can be 


with the sheep standing erect. Two straps (fig 
the lowest rung on each side of the rack hang loosely under the 
belly; these support the animal in the event of its collapse, which 
is liable to after a prolonged period of confinement 
Usually another strap (fig. 2, d), attached to an upper rung on 
each side, is fastened over the sheep so that it cannot arch its 
back upward. A sudden, strong movement of this kind accom- 
panied by a withdrawal of the belly can result in a gap between 
the cage and the belly area, especially if the rack sides are not 


, 


A strap (fig. 2, « 


occur 


properly placed and tightly drawn inward 
prevents each hind foot from reaching the cages 

he holder (fig. 2, f) for attaching the cage to the sheep Isa 
circular metal band with a connecting screw device that tightens 
the band around the just above the plastic blocks. Two 
leather straps attac hed to opposite sides of the band are buckled 


cage 


movable head stanchion. | 
foot strap. (f 


e 


b) cord for tightening pivoting side. (¢ belly 


cage holder 


over the sheep’s back so that the cage is pulled tight against the 
belly by the holder. After the cage is in place, the skin is pulled 
to form a fold around the outside so that contractions of the 
belly will not create a gap between the skin and the cage rim. 
The lid is then unlocked and pulled open, releasing the flies to 
feed. Blood feeding proceeds more effic iently if they are guided 
to the belly with the light of a flashlight in a darkened room. 

After the flies have engorged they are carefully jarred into the 
cage proper, and the lid is swiftly closed and locked. Tubing from 
a plastic squeeze bottle containing chloroform-moistened cotton 
is inserted into the section of the cage next to the belly to heavily 
anaesthetize any flies remaining behind; if any adhere to the 
belly they are counted at this time. The holder straps are then 
loosened and the cage is carefully lowered so that all the anes- 
thetized flies can be collected with an aspirator. These on the 
belly are collected first, and the white floor of the rack is kept 
absolutely clean so that any flies that may fall can be easily 
seen and recovered. 

The flies are usually starved overnight prior to blood feeding. 
In a blood-feeding room that is not air-conditioned the highest 
percentage of engorgement is obtained if the food is removed 
late in the afternoon and the cages of flies are placed on the 
sheep early the next morning before the room temperature 
75° F. In a room kept at constant temperature an 
equivalent: starvation period should be satisfactory, and the 
cages can probably be placed at any time. Females take their 


rises above 


first blood meal best at 1 to 3 days of age 
Hotpinc.—After the flies are blood fed they are anesthetized 


with carbon dioxide that is introduced through a can covering 
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the screen portion of the inverted cage. With proper lighting the 
bright-red abdomens of the engorged females are easily recog- 
nized against the white surface of the cage lid. Unfed females, 
and males if desired, can thus be removed with an aspirator and 
killed; partially fed females, since they can be recognized as such 
only by microscopic examination, are removed as apparently 
unfed. Once a day all the dead flies in each cage are removed 
with an aspirator and counted. To avoid the excessive mortality 
that would be caused by prolonged anaesthetization, counting 
of the newly engerged flies is sometimes postponed; when this 
occurs the total number initially used is known only after all of 
the flies in any one cage have finally been used in the test pro- 
gram. 

Flies are reared (and held for various lengths of time after 
blood feeding) at a constant temperature of 75° F. Pupae are 
placed on wet cotton in a closed-bottom plastic dish fitted in the 
hole in the metal piece in the bottom of the cage, and the flies 
emerge into the cage. After emergence is completed the dish is 
replaced with another; the bottom of this latter dish has a 
cork-stoppered hole into which the rim of a lip vial will fit ex- 
actly. During both rearing and holding the flies are fed on liquid 
from a cotton wick protruding from the vial. Fresh nourishment 
is provided daily; water is usually alternated with a honey solu- 
tion. During holding, if eggs are to be collected, the dish with 
the inserted vial is replaced overnight with a closed-bottom dish 
containing wet-cotton covered by a white paper disc. To prevent 
the escape of flies, the dishes and vials are changed through a 
transfer chamber (fig. 3). 

Various parts of cage equipment are used in sealing the trans- 
fer chamber. These parts, and all components of the chamber 
interior, are painted white or constructed of translucent ma- 
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terial; thus any flies escaping into the chamber are easily seen 
and collected. The sheet-metal wall containing the transfer open 
ing (fig. 3, a) is slightly conical to allow for any give in the 
screen bottom of the cage. The outside rim of the transfer 
opening, which barely admits the bottom of a plastic dish, is 
faced with a strip ef sponge rubber (fig. 3, 6) so that the transfer 
opening may be applied firmly against the cage, and the bottom 
cf the dish projects slightly into the chamber interior. Except 


when a cage is in position against the chamber, the transfer 
opening is plugged from within with a cork (fig. 3, ¢). The two 
holes in the clear plastic front of the chamber are fer the mouth- 
tube of the aspirator (fig. 3, d) and the tube (fig. 3, e) that sup 
plies chloroform vapor to the aspirator 

The operator's right hand manages the items inside the cham 
ber through the dismountable sleeve (fig. 3, f) while his left hand 
manipulates the cage against the transfer opening. To facilitate 
steady application of the cage against the opening, a platform is 
placed below the transfer opening outside the chamber; this 
platform supports the cage at the correct height for the bettom of 
the plastic dish to enter the opening. At the moment when the 
dish is inserted into or removed from the transfer opening, the 
chamber cork is always pressed firmly against the bottom of the 
plastic dish, the cork stopper in the dish, or the lip-vial base 
Before removal or insertion of the cork, the white surfaces sur 
rounding the transfer opening are easily examined to make sure 
that no escaped flies are present. An ese aped fly is always col 
lected immediately with the aspirator inside the chamber. The 
rubber bands that secure the dish or vial to the cage are released 
at the last possible moment and replaced immediately when the 
operation is completed. If followed carefully, these procedures 
are ¢ ompletely adequate to prevent the ese ape of flies 











Fic. 3.—Transfer chamber. (a) transfer opening 





b) sponge rubber strip. (c) transfer chamber cork 


(d) aspirator. (e) chloroform vapor tube. (f) sleeve 
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A Mechanical Device for the Rapid Sexing of 
Aedes aegypti Pupae' 
Eimo M. McCray, Jr 
In 1955, a mechanical device for separating the developmental 
stages, sexes, and species of mosquitoes was designed and con 
structed by R. W. Fay and H. B. Morlan (1959 


adjustable and capable of fractional separation of specimens \ 


This device was 


skilled operator could sex pupae of cfedes aeqy pt L.) with an 
accuracy of 2% females in the male fraction, at the rate of 3,000 
per hour 

During recent investigations involving the production of large 
numbers of sexually sterile male A. aegypti, it was necessary that 
a pupal separator be devised that would sex batches of a half 
million pupae rapidly with an accuracy to limit females upon 
emergence to less than 5% 


After se 


the separator element an aluminum sheet stamped to produce 


veral atte mpts, a device was constructed that uses as 


long louvered slits 
ing of 0.039 The 


10}" X26" <2" 


rows of I 17 per linear inch) with an open 
screen Was attached to a wooden frame 
that in turn rested upon an inclined metal tray 
The latter had a discharge spout at the lower end 

In processing the specimens, a mixture of larvae and pupae is 
poured on the inclined screen and a gentle fan shaped stream of 
water directed upon it at the approximate rate of 1 gallon per 
minute. This water action washes the larvae and male pupae 
through the slits and out the discharge spout of the tray where 
they are collected. The screen then is inverted and the female 
pupae are washed off by a strong stream of water. 

The efficiency of this device was evaluated in processing ap 
proximately 10° million specimens over a 2-month period in 
batches of approximately 500,000 each. During this period, 58 
random samples of processed pupae yielded an average percent 
ige of females of 1.3. Only one of the 58 samples exceeded the 
ilowable 59%. This sample was from the first pupae run through 
the separator when the water stream used for washing was too 
forceful. The majority of the samples taken were 100% males 
With this device, 
5 minutes, a rate 120 times that possible with the standard me 
chanical se parator Bay & Morlan 1959 


Phe efficiency 


one person can process 30,000 specimens W ithiun 


of this device depends upon the force of the 
water stream used! and the continuous production of a relatively 
uniform size of pupae. With the present rearing procedure used 
it the Technical Deve lopmie nt Laboratories, the variation in the 


size of pupae in successive trays was such that few female pupae 


were small enough to pass through the separator 


Rererence Crrep 


Fay, R. W., and H. B. Morlan. 1959 


st parating the ce 


A mechanical device for 
\¢ lopane ntal stages, sexes and species 


Mosquito News 19(3): 144-7 


ol mosquitoe S 





Accepted for publication March 30, 1961. I pape s endorsed and con 

I ed by K.D. Quartermar 

From the Technical Development Laboratories, Technolog Brancl 
Communicable Disease Center, Public Health se ce, U.S. Department 
Health, Educat ind Welfare, Savannah, Georg 

Available as tvpe of louvered window screen manufactured by Kaise 
Aluminum Company. Use of commercial mate Is does not stitute endorse 
ment by the Public Health Ser 

Water pressure equivalent to 350 to 450 mn me 1 @ 


Arthropod Pests Collected in 
Oklahoma Greenhouses 


Rrenarp G. Prick, Ro. R. Warron and W. A. Drew 


Arthropod pests constitute a chronic problem in greenhouse 
operation in Oklahoma. Legal regulations requiring that plants 


for sale be free of infestation, and losses due to direct damage to 


SCIENTIFI 


NOTES 819 


Table 1.—Number of pests collected in Oklahoma green- 
houses. 





No. OF 


Groups FAMILIES GENERA SPECIES COLLECTIONS 


Mites r 5 9 59 
Scale insects ) 11 13 tS 
Aphids 5 S 39 
Mealybugs l U } 19 
Slugs 2 3 g 13 
Tsopods l } 
Parasitic Hymen- 

optera 2 2 2 2 
Whiteflies l l 2 
Chrips 1 | 1 1 
Millipedes | 1 
Miscellaneous t 





plants emphasize the need for pest identification requisite for 
efficient control operations 

Phe results presented here are based on an examination of 195 
infested plant samples collected in 70 greenhouses located in 39 
cities and towns in 34 counties widely distributed over the 
State. Records of the area under glass were available for 42 of 
the greenhouses. House size varied greatly, ranging from 450 to 
123,000 sq. ft. per house with an average of 19,827 sq. ft. Thirty- 
two houses had less than 25,000 sq. ft. of space. A wide variety 
of plants was grown in the typical greenhouse, varying accord- 
ing to season. Chrysanthemums, poinsettias, bedding plants 
petunias, pansies, pertwinkles, ete.), and tropical foliage plants 
occurred most frequently. All samples were selected as a result 
of visible evidence of the presence of the pests or of t heir damage 
With the exception of scale insect collections, samples were ob- 
tained during a period of 7 months: September 20, 1958, to April 
15, 1959. The collection of scale insects continued for 16 months: 
January, 1958 to April, 1959. Nursery and greenhouse inspectors 
of the State Board of Agriculture collected 118 of the samples 
and all others were taken by the senior author. 

Interviews with 41 greenhouse operators indicated the follow- 


ng 1) ten operators use da single pest ide, 26 used two or more 


chemicals, while five failed to report on the question, (2) para- 
thion followed by malathion, TEPP, Chlorbenzilate® (ethyl 4,4- 
dichlorobenzilate Kelthane 1, 1-bis p-chlorophenyl 2,2,2- 


Aramite 2 
propyl 2-chloroethyl sulfite) were the most widely used toxicants, 


trichloroethanol), and p-tert-butylphenoxy )iso- 


and (3) in general, chemical control programs were more effective 


in large establishments than in small ones 


\ summary of the pests collected and identified is given in 
table 1. These were classified in 10 major groups, 16 families, 32 
genera and 37 species. Mites composed the most common group 
Che number of samples of scale insects was exceeded only by that 


of the mites, but because of the longer collection period of 


scales, they are not considered as important as certain of the 


other groups. Aphids, mealybugs and, perhaps, slugs were of 


greater concern than scale insects. Pritchard (1949) and Gesall 
etal. (1951) rated scales and mealybugs, spider mites, and aphids 
of chief importance in greenhouses in California and Pennsyl- 
Vala, respec tive lv. 

Additional information on the relative injurious effects of vari- 
ous pests is given in table 2. Eight pest groups were ranked in 
importance by 41 greenhouse operators. A large majority of the 


operators (75%) rated tetranychid mites as the group of greatest 
cf 


concern Aphids were placed in the second position by 53 /, of 


the operators, and mealybugs, on the basis of general ratings, 
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Table 2.—Importance of pests rated by greenhouse opera- 
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were assigned the third position. Scale insects and cyclamen 
mites were rated “below third” by 97% of those participating in 


A list of the pest species collected and identified is presented in 
table 3. Mites encompassed 9 species, 5 genera, and 4 families. 
The two-spotted spider mite was the most frequently collected 
species, followed by Tetranychus cinnabarinus (Boisduval) and 
the tumid spider mite. Mites were taken from 18 different types 
of plants; chrysanthemum was the plant most commonly at- 


Five species of aphids in five genera were collected in 39 
samples. The melon aphid and the green peach aphid were the 
most prevalent species. Chrysanthemum was by far the most 
commonly attacked among 17 different plant species recorded. 


tors. 
————— the poll. 
Per Cent oF OPERATORS 
RatinG Pests as: 
Pest Groups First Second Third Lower 
Tetranychid mites 75 13 3 9 
Aphids 15 53 13 19 a 
Mealybugs 8 8 12 72 tacked. 
Slugs 5 13 82 
Thrips 5 8 87 
Caterpillars 3 8 89 
Scale insects 3 97 
Cyclamen mites $ 97 





Scales and mealybugs, representing 3 families, 15 genera and 
17 spec ies, were taken from 34 different plant types The brown 


Table 3.—Arthropod pest species collected in Oklahoma greenhouses. 





ScrENTIFIC NAME 


Tetranychus telarius (Linn.) 


T. cinnabarinus (Boisduval 
T. tumidus Banks 

T. desertorum Banks 

T. lobosus Boudreaux 
Petrobia harti (Ewing) 


Tyrophagus longoir (Gervais 
Steneotarsonemus pallidus (Banks 


Brevi pal pus obovatus Donnadieu 


d { ph is gossy pit ( rie ver 

Myzus persicae (Sulzer) 
Macrosiphoniella sanborni (Gillette 
Macrosiphum spp. 

Anuraphis helichrysi Kaltenbach 


Coccus hesperidum Linn. 


Saissetia oleae (Bernard) 
Ceroplastes floridensis Comstock 


Chrysom phalus bifasciculatus Ferris 
Fiorinia theae Green 

Lepidosaphes camelliae Hoke 
Hemiberlesia lataniae (Signoret) 
Aspidiotus perniciosus Comstock 
Diaspis echinocacti (Bouché) 

D. boisduvalii Signoret 

Pinnaspis aspidistrae (Signoret) 


Fiorinia fioriniae (Targioni-Tozzetti) 


Unaspis euonymi (Comstock 


Pseudococcus citri (Risso 


Phenacoccus gossyi Townsend & Cockerell 


Pseudococcus adonidum (Linn. 
Ferrisia virgata (Cockerell 


No. oF Host PLANTS 
COLLEC- 
ComMMON Nami TIONS Most Common Code to Others 





Mites 
Tetranychidae 
Two-spotted spider mite 


Tumid spider mite 
Desert spider mite 


Cyclamen mite 


Privet mite 
Aphids: Aphididae 
Melon aphid 


Green peach aphid 
Chrysanthemum aphid 


Soft Scales: Coccidae 
Brown soft scale 


Black scale 


Florida wax scale 


Armored Scales: Diaspididae 


Tea scale 
Camellia scale 


San Jose Scale 
Cactus scale 
Boisduval’s scale 
Fern scale 


Euonymus scale 


Mealybugs: Pseudococcidae 


Citrus mealybug 
Mexican mealybug 
Long-tailed mealybug 
Striped mealybug 


‘1 Chrysanthemum abhkIntya’g’m 
sy x 
6 Tomato nea g ix" 
t hle’ v’ 
I Joseph's coat e 
l Gardenia J 
2 Sheepsorrel \ 
Tyroglyphidae 
g ne 
Tarsonemidae 
l Snapdragon w’ 
Tenuipalpidae 
l Azalea I 
16 Chrysanthemum ue < f es y 
1] npza’ gm’ u' wz 
3 Chrysanthemum n 
2 nt 
I Cineraria 0 
17 Poinsettia fst bod’ h’ jo p 
mo via 
9 Fiddle-leaf nuwyp’'t’ 
l Gardenia 5 
6 Rubber plant reto’ t* 
5 Holly jb’ 
u Holly jb’ 
2 uu’ 
2 t= 
2 ik’ 
I Orchid k’ 
I Fern \ 
| Camellia j 
I Euonymus u 
11 ecdepqtuzf'i’o’ 
5 Chrysanthemum ng’ 2’ 
3 Pothos uo’ q’ 
I Chinese evergreen om 





Code to host plants: Abelia a, ageratum b, amaryllis ¢, 
Chinese evergreen m, chrysanthemum n, cineraria 0, coleus p, croton q, cyclamen r, dieffenbachia s, English ivy t, euonymus u, fern v, fig (fiddle-leaf) w. fig (In 
dian rubber) x, gardenia y, geranium z, hibiscus a’, holly b’, hyacinth c’, Indian paint brush d,’ Joseph's coat e’, kalanchoe f’, lantana g’, lemon h’, nephthytes i 
orange (sweet) j’, orchid k’, pansy I’, pepper (ornamental) m’, petunia n’, philodendron 0’, poinsettia p’, pothos q’, quince (flowering) r’, rose s’, rubber plant t’, 
schefflera u’, sheepsorrel v’, snapdragon w’, tomato x’, velvet plant y’, verbena z’, viburnum a’”’. 


anthurium d, aralia e, azalea f, begonia g, bougainvillea h, eactus i, camellia j, carnation k, chenille | 
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soft scale (Coccus hesperidum) was the dominant one in its 
family, and Chrysomphalus bifasciculatus was the most abundant 
of the armored scales. Holly and poinsettia were the most numer- 
ous among the infested plants collected. Mealybugs, most fre- 
quently represented by the citrus mealybug, were most often 
found on chrysanthemum, euonymus and philodendron. 

An interpretation of survey results should consider the fact 
that collections (with the exception of scale insects and mealy- 
bugs) extended only through the fall, winter, and early spring. 
Thus, they do not, necessarily, depict pest incidence for the en- 
tire year. For example, thrips become more numerous in late 
spring and summer, and scale-mealybug problems usually be- 
come more acute in late seasons following extended storage of 
susceptible plants in the greenhouse. However, the evaluations 
of pests by operators, on the basis of problems encountered in 
the last few years, indicate that the survey results reflect pest 
conditions generally existing in greenhouses of the State. 
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Hog Louse Control by Ground Treatment! 


Warren T. Jounson, University of Maryland, College Park 

The methods recommended for control of the hog louse, 
Haematopinus suis (L.), have not been appreciably modified for 
several years. The methods and chemicals used have been suc- 
cessful when directions were followed, but the labor requirements 
for these methods cut into farmers’ profits when control of the 
hog louse was obtained. 

With the cooperation of the Animal Husbandry Department? 
of the University of Maryland, an experiment was designed to 
determine the efficacy of a ground treatment using the insecti- 
cides ronnel and dimethoate. 

MATERIALS AND ProceDUREs. 
of 6 fenced }-acre lots. All 24 pigs were artificially infested with 15 
to 20 adult lice at the time of placement 
plots in each lot were selected where ground treatments were to 


Four pigs were placed in each 
Two 25-square-foot 


be made. The selection of these sites (for spot treatments) was 
made to coincide with dry hog wallows in the lots. There were 
two replicates and three treatments including the untreated con- 
trols. The insect icides dimethoate and ronnel were broadcast as 
granules 23 days after the pigs were infested. One pound of the 
granules (0.05% actual toxicant) was applied to each “spot 
treatment” site. Thus a total of 2 pounds of granules (0.1 pound 
actual toxicant) were used in each treated lot. 

At the time of treatment there was a rather uniform louse pop- 
ulation on each pig; about 70 lice (mostly nymphs) per animal. 
Eggs were present although very light in a few cases. 

Four and 11 days after treatment, louse and egg counts were 
made on each pig. In all cases the entire animal was examined 
for lice. Table 1 shows the average number of lice (adults and 
nymphs) and eggs found on four pigs in each of the treatments 
and replicates. 

Resuits anp Discussion.—-Ronnel applied as a ground treat- 
ment gave 100% control of nymphs and adults. Whether ronnel 
affects the egg as an ovicide is not known. However, there ap- 
pears to be no question about its effectiveness against other 
stages under the conditions of this test. Results with dimethoate 
gave significantly (statistical procedure by Wilcoxon 1949) bet- 
ter control than the checks, but it appears to have no practical 
value when applied on the ground. Dimethoate gave comparable 
results in an uncontrolled test in a hog barn with a concrete floor, 
Ronnel performed equally as weil in hog barns as in ground lots. 
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Table 1.—Control of hog lice* by ground treatment with 
insecticides. College Park, Md. 1960. 





RONNEL DiMETHOATE CHECK 
Replicate 
No. Lice Eggs Lice Eggs Lice Eggs 

May 31 

l 0 0 88.75 12.5 114.7 25 

2 0 0 8.5 55.5 110.2 25 
June 9 

1 0 0 76.0 40.0 140+ 45 

2 0 0 17.7 55.5 140+ 10 





* Each figure based on the average number of lice and eggs from four pigs 


It appears that dimethoate in granulated formulation is affected 
quickly by outdoor weathering, reactions with the soil and 
moisture, and soil type, or a combination of these factors. It 
seems that ronnel would also be affected by these same factors. 
However, the speed of its toxic action on the lice may play an 
important part in its effectiveness. 

The success of the ground treatment method is first dependent 
upon the pigs lying in the treated area. Dry hog wallows seem 
the most likely place to apply the insecticide. In this experiment 
these wallows were used by the pigs for several hours during the 
day. There was no evidence of repellency to the pigs by either 
of the insecticides. 

Weight records were kept over the test period. The average 
gain in weight of pigs in the ronnel plots was 34.3 pounds. Pigs 
in the dimethoate plots gained 22.5 pounds, and the untreated 
pigs gained 26.5 pounds. It is uncertain how these gains in weight 
relate to this experiment. 

Residue data have been taken by the promoters of ronnel and 
indicate that i's potential use as an approved ground treatment 
is feasible. 
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Tribolium and Cockroach Control with Kepone 
Bait in Fabrice Insect Culture Cabinets’ 


Roy J. Pence, Department of Entomology, 
University of California at Los Angeles 


Liberal amounts of aromatic brewer's yeast, when rubbed onto 
wool as food for the mass-rearing of fabric insects, contribute to 
the attraction of undesirable insect pests. 

It is the practice of this laboratory to yeast all woolen cloth 
or felt to provide a food supplement for clothes moths and carpet 
beetles (Anthrenus flavipes LeConte) being reated for experi- 
mental purposes. The wool is then cut into strips and inserted 
into 1-quart, wide-mouth Mason jars which are then covered 
with circles of paper-toweling secured into position by means of 
the screw-top lid. The heavy aroma of yeast escapes through the 
pores of the paper tops, permeating the rearing cabinets and at- 
tracting undesirable insect pests that eventually find entry into 


! Accepted for publication April 19, 1961 
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the culture jars. In time these invasions throughout the rearing 
areas contribute largely to a serious contamination problem. 

High populations of Tribolium confusum Jacquelin duVal pre- 
sent the major problem of contamination while cockroaches, 
which are also attracted by yeast, are commonly found in great 
number throughout the entire cabinet areas, constituting a prob- 
lem of secondary but serious importance. Tribol/ium contamina- 
tions necessitate considerable attention and loss of time spent in 
their elimination, as survivors continue to thrive in all stages of 
development on the supplementary yeast. Cockroaches will 
scurry away when the doors of the rearing cabinet are opened, 
but many first-instar nymphs find their way into the jars and 
must be handpicked to reduce populations. 

The use of conventional insecticides within a rearing cabinet 
quickly takes a toll of immature fabric insects under culture, thus 
leaving the alternative of a time-consuming mechanical means 
of keeping contamination to a tolerant level. This problem cre- 
ated an urgent need for a selective control of contaminating in- 
sects, which would assure the safety of the insects under culture 
Such a control now has been found and has proved to be most ef- 
fective. 

Kepone® (decachlorooctahydro-1,3,4-metheno-2H-cyclobuta 
[ed] pentalen-2-one), a complex chlorinated polycyclic ketone 
having remarkable stability, is currently under study by the 
Department of Entomology on the campus of the University of 
California at Los Angeles as a control of protein-seeking species 
of ants of economic importance in the Western States. This 
study follows the outstanding success of Kepone used in the 
South for the control of the imported fire ant (Hays & Arant 
1960). Kepone peanut butter bait is formulated into pellets 
using 0.125% of actual toxicant. The stable low-level stomach 
poison properties of Kepone are not detected by ants and the 
mandibular-sized pellets are quickly accepted and carried back 
to the nest where they are fed to the brood, resulting in slow- 
acting but a high degree of mortality of the entire colony. 

The attractive aroma of peanut butter, containing as little as 
0.125% of odorless Kepone, offered promise that this combina- 
tion might be sufficiently selective to lure contaminating insects 
without attracting the attention of fabric insects under culture 

A few Kepone pellets were added to a culture jar of carpet 
beetle larvae and placed in such a manner as to be fully ob- 
served at all times. The initial purpose of this test was to deter- 
mine the specific degree of selectivity of peanut butter in at- 
tracting Tribolium but not carpet beetle larvae. It was soon 
noted that Tribolium were quick to gather around the pellets, 
upon which they voraciously fed, while the carpet beetle larvae 
chose to ignore the bait in preference to their own diet of yeasted 
fabric. Repeated tests were made under varying conditions to 
ascertain the consistency of food preference between the two 
species of insects until enough evidence was accumulated to pro- 
ject the study further. It was learned that in 1 week all Tribolium 
succumbed following an accepted diet of Kepone peanut butter 
bait, leaving a pure and healthy culture of fabric insects to 
thrive within the jars. It has now become the standard practise 
of this laboratory to add a few pellets of Kepone peanut butter 
bait to each culture jar; no subsequent problem of Tribolium 
contamination has yet recurred. It is always necessary, how- 
ever, to maintain an adequate supply of yeasted fabric food 
within each culture jar to assure against the possibility of 
hunger driving the fabric insects to accept Kepone bait as a pos- 
sible alternate food. 

Kepone peanut butter bait was tested in an effort to control 
the many free-living cockroaches wandering throughout the en- 
tire rearing cabinets. The two species of cockroaches found in all 
stages of development were the German cockroach, Blattella 


germanica (Linn.) and the brown-banded cockroach, Supella 
supellectilium (Serville). As Kepone pellets were responsible for 
a heavy toll of first-instar cockroaches trapped within the cul- 
ture jars, as well as Tribolium, it was felt that pellets placed out- 
side the jars might be effective against the elusive but hungry 


nymphs and adults. A few tablespoonfuls of pellets, mixed with 
a small amount of yeast, were sprinkled into a shallow paper box 
lid and placed to the far rear of one shelf within one cabinet. 

In 1 week, following the establishment of a Kepone “bait sta- 
tion,” it was noted that many dead cockroaches were found 
within and outside the rearing cabinets. After 2 weeks dead 
cockroaches were observed in the far corners of the laboratory 
and on a few occasions in the hall area some 50 feet from the bait 
station. After 3 weeks no live cockroaches could be found within 
the rearing cabinets, nor have any been found in the 3} months 
that have elapsed. The pellets remain in their original location 
in the rearing cabinet for the benefit of any nomadic cockroaches 
that might be attracted to them. To date, insect contamination 
has ceased to be a problem in this and adjoining laboratories, 
which now enjoy cockroach-free quarters as the result of a few 
tablespoonfuls of yeasted Kepone peanut butter pellets placed 


in remote corners. 
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A Direct Feeding Method for Bioassay of 
Insecticide Residue in Soil with 
Drosophila' 

P. R. SFERR = New York State Agricultural 
Experiment Station, Geneva 
Soil treatments with chemicals for insect control have resulted 
na variety of problems affecting analysis for the resulting 


residues. The persistence of some insecticides, the breakdown of 
others, weathering, cultivating practices, and the physical and 
chemical properties of different soils are important factors for 
consideration by the residue analysts. 

Bioassay of pesticide residues in soil has been accomplished 
either by assay of soil extracts or by direct assay of soil samples. 
Fleming et al. (1951) used adults of an oriental fruit moth para- 
site, Macrocentrus ancylivorus Roh., to bioassay DDT and 
chlordane in extracts of soil. Terriere & Ingalsbe (1953) assayed 
a wide variety of compounds with larvae of floodwater Aedes 
and the southern house mosquito. Others who assayed extracts 
are Berger & Randolph (1958) who utilized the negative photo- 
migration response of larvae of the yellow fever mosquito; 
Gannon & Bigger (1958) worked with adult Musca domestica 
L.; Kiigemagi et al. (1958) used larvae of a species of Culex; and 
Wheatley & Hardman (1960a, 1960b) assayed with adult Droso- 
phila, Of special interest from this group is the method described 
by Wheatley and Hardman to obtain time response data. To 
eliminate inconvenient periodic readings they designed and 
constructed an automated bioassay apparatus which period 
ically collects and holds the Drosophila that have died during 
the frequent exposure periods. Consequently, a long time/re- 
sponse test can be read all at once at a more convenient time 

Fleming & Maines (1953) assayed DDT in soils directly with 
third-instar larvae of Japanese beetle, Popillia japonica Newm. 
A direct method for analyzing lindane, aldrin, dieldrin, and DDT 
in soil with Pacific Coast wireworms, Limonius canus LeC., was 
described by Lange & Carlson (1955). Wylie (1956) used Droso- 
phila adults to assay a variety of insecticides in the soil. Others 
who used Drosophila include Edwards et al. (1957), Fleming 

1957), Young & Rawlins (1958), Lichtenstein & Polivka (1959), 
and Lichtenstein & Schulz (1959, 1960). Gambrell (1960) eval- 


uated the toxicity of several chlorinated hydrocarbon insecti- 
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cides in soil with larvae of European chafer, Amphimallon ma- 
jalis (Raz 

The bioassay method of soil analysis currently in use at this 
station is an adaptation of the technique described by Fleining 
(1957). Briefly, Fleming’s method consists of mixing soil samples 
containing residues with plaster of paris and, subsequently, mak- 
ing a slurry of this with a sugar solution. Enough slurry is pro- 
duced for five replicates which are poured in the tops of petri 
dishes. When the dishes are tapped against a table top the slurry 
settles and then sets to present a surface of uniform texture and 
area. A specific number of knocked-down adult Drosophila is 
added to each dish. The bottom half of the petri dish is then 
pressed into the soil mixture and after a specific holding period 
the resultant mortality is recorded. The changes made by the 
writer in the foregoing are in the use of different containers and 
by using a live-loading technique. The actual rearing and bio- 
assay procedures utilized at Geneva are summarized as follows. 

Marertats aND Meruops.—Drosophila are reared in }-pint 
cream bottles on a corn meal-agar-corn syrup-brewer’s yeast 
medium. This is a variation of one of the recipes described by 
Demerec & Kaufman (1957). Fresh rearing jars, each containing 
100 adults, are added to the colony daily. Active dry yeast, 
sprinkled on the surface of the medium and moistened with a 
few drops of water, is used to provide a more suitable medium for 
oviposition. The adults in the fresh jars are held for mating and 
egg-laying for 6 days and are then removed from the jars. The 
emerged adults are collected each day in a wide-mouthed, flat- 
sided, l-gallon jar fitted with sleeve top. The daily harvest of 
adults is used, if necessary, for bioassays and for supplying the 
fresh rearing jars 

For loading bioassay containers and rearing jars with flies a 
second top for the collecting jar replac es the sleeve top. This has 
a l-inch hole cut off-center through which a Pyrex loading tube 
fits. The tube is constructed from a 2” to 3” piece of 1” stock and 
tapers into a 14” piece of {” stock. The large end is flanged to fit 
against the inside of the jar top and the small end is fire polished 
until the exit hole is small enough to allow only one fly through 


at a time. The loading tube is secured to the jar top with a large 
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rubber band tightly wound around the tube and against the out- 
side surface of the jar top. Smaller rubber bands between the 
flange and the inside of the jar top cushion the tube and prevent 
flies from escaping. The loading procedure is illustrated in fig- 
ure l. 

The flies are reared and bioassays held during their exposure 
periods in a 9’X12’ room equipped to maintain temperature at 
72°+2° F. and relative humidity at 50% +5%. 

For bioassay the container chosen is Lily No. 134, 33 ounce, 
squat, waxed, ice cream cup. Prior to use a hole is cut in the side 
of each cup with a No. 5 cork borer. Tops for the cups are made 
from clear cellulose nitrate 0.020” thick. A sharp compass scribe 
can be used to score circles in the material. The dises, large 
enough to snap into the groove formed in the cups for lids, are 
torn neatly from the stock cellulose nitrate. 

Because variations exist in soil texture for the different types 
of soil some variation in the ratio of soil to plaster of paris to 
sugar solution needed to produce a suitable test mixture will ex- 
ist. Thus far the work at Geneva has been limited to Farming- 
ton loam. It was found that 120 grams of this soil plus 30 grams 
of plaster of paris wet with 65 ml. of 5% Karo solution was satis- 
factory and produced enough slurry for five replicates. 

Soil samples, undiluted or diluted with untreated soil, were 
weighed into a 400-ml. beaker. To this was added the plaster of 
paris and the components thoroughly mixed with a stirring rod. 
Addition of the Karo solution and further stirring produced a 
slurry which was distributed without weighing into five cups. 
The cups were tapped against the bench top until the contents 
settled out and presented an even surface. After the mixtures set 
up the cups were closed in with the plastic dises. Each cup was 
loaded with 20 adult Drosophila and the loading hole in the side 
subsequently plugged with one-half of a No. 2 dental cotton 
roll. To facilitate loading, a magnifier lamp was found useful. In 
addition, this equipment was used to observe the tests after the 
prescribed holding periods. Mortality counts were made usually 
after 48 hours’ exposure with total immotility considered the eri- 
terion of death. 

To exemplify the response obtainable with this method, di- 





Fig. 1 


Bioassay loading procedure illustrating collecting jar, loading tube, and container closed in with plastic disc. Container in 


right foreground is loaded and plugged 
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eldrin concentration-mortality curves were determined with 
amounts ranging from the equivalent of 0.1 to 0.6 pound of toxi- 
cant per acre in nursery soil. The LD59 values for this insecticide 
were found to range from 0.34 to 0.37 pound per acre. When 
chlordane was assayed the LDso9 ranged from 0.46 to 0.54 pound 
per acre. 

Some advantages of this method are: extraction and subse- 
quent clean-up steps are eliminated; replicates need not be 
weighed out; the tests are easy to read; and because the con- 
tainers are disposable some s-iass washing is eliminated. The plas- 
tic tops can be salvaged and used again. The live-loading method 
presents only two disadvantages: one is that it is not possible 
consistently to count out an exact number of flies for each repli- 
cate; the other is, that sexing of the flies by knocking down and 
sorting would be more difficult to accomplish. 
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OBITUARY 


Joseph Sanford Wade 
1880-1961 


Sanford 
rapher, reviewer of books and lover of art, was born on July 20, 
1880, in Cumberland County, Kentucky. He was a son of James 
Ballanger and Nancy (Beck) Wade. Here he lived until, at the 
age of 15, he moved with his parents to Wellington, Kansas. His 
boyhood in Kentucky must have been spent in an entirely rural 


Joseph Wade, entomologist, bibliographer, —biog- 


setting, surrounded by woods and streams filled with birds and 
other wild life. Possessed of a sensitive and observing nature, it 
was undoubtedly during these early years that he developed a 
love for natural history that remained with him during the rest of 
his long life 

Although Joe Wade lived in Kansas for more than 20 years, he 
was very proud of the fact that he was born in Kentucky. He 
published several articles on Kentucky history and on the activ 
ities in the State of such well-known naturalists as Rafinesque, 
John Muir, Audubon and Alexander Wilson. An autobiographi- 
cal sketch of Joseph Wade appeared in “Who's Who in Ken- 
tucky” in 1936. He was a member of the well-known Filson 
Club in Louisville. 

After the move toa farm near Wellington, Kansas, Mr. Wade 
attended the local schools and worked on the family farm but le 
never took kindly to farm work. His interest was in books and 
intellectual pursuits and his far from robust physique rebelled at 
the cold winters and hot summers and the hard physical work for 
which he was neither constitutionally nor temperamentally 





fitted. In his spare time, he devoured such books as were locally 
available and read as widely as was possible under the circum- 
stances. 

In 1905-06 Mr. Wade attended Fairmount College (which 
later became Wichita University) in nearby Wichita. He also 
took courses offered by the University of Chicago, 1923-25. Mr. 
Wade returned to the family farm 1906-1913 but in this period 
he found time to publish about a score of articles about local 
farming problems and local historical subjects. Possibly one of 
these, ““The grasshopper year of 1874,” in the Wellington, Kan- 
sas Daily Journal in March, 1913, attracted the attention of F. M. 
Webster, Chief of the Division of Cereal and Forage Insects of 
the Bureau of Entomology, U.S. Department of Agriculture, 
who later in that year appointed Joe as a field assistant in a 
newly established laboratory at Wellington, Kansas. 

While at the field laboratory in Wellington, Mr. Wade became 
interested in the life histories of the false wireworms about which 
little was known up to that time. He made many observations on 
them and later deposited his considerable collection of the beetles 
and their larvae in the U. S. National Museum. He later pub- 
lished three papers on false wireworms, one by himself, “Notes 
on Ecology of Injurious Tenebrionidae,” (Ent. News 32: 1-6, 
1921); one with A. G. Béving, “Biology of Embatheon murica- 
tum,” (Jour. Agric. Res. 22: 323-34, 1921); and another with 
R. A. St. George on “Biology of the False Wireworm, Eleodes 
suturalis Say,” (Jour. Agric. Res. 26: 547-66, 1923). 

In 1917 Joe was called to his Division’s Head Office in Wash- 
ington, D. C., to be an assistant to W. R. Walton, successor to 
Professor Webster following the latter’s death. Here in the 
Nation’s Capital, he was to live for the remaining 43 years of his 
long life, during the last 103 of which following retirement in 
1950 he was a Collaborator of the U.S. Department of Agricul- 
ture. He never married but his older sister, Mary E., came to 
Washington with him and here they lived together in a mutually 
harmonious and beneficial companionship unti! her death in 
1956. 

Mr. Wade entered into his work and the intellectual life of 
Washington with enthusiasm. He often spoke of his great good 
fortune in being able to come here to live. Washington seemed to 
have almost everything he had ever wanted—nationally and 
internationally known names in entomology with which he was 
in close association, scientific societies with their frequent meet- 
and read 
he did, and write too, hundreds of articles, reviews and reports, a 


ings and the great libraries with books galore to read 


total of more than 600 throughout the years. 

Mr. Wade affiliated himself with several scientific organiza- 
tions and took great pleasure in attending their regular meetings 
and participating in their activities. He had already joined the 
American Association for the Advancement of Science in 1913 
Fellow in 1925), 
American Association of Economic Entomologists and of the 
Entomological Society of America (Fellow in 1937). A large part 
of his life, outside his official duties, was devoted to these organ- 


and in 1915 had become a member of the 


izations. 

He joined the Entomological Society of Washington in 1917, 
and became its President in 1934. His address as retiring presi- 
dent was entitled “The Officers of our Society for Fifty Years 

1884-1934). (Proc. Ent. Soc. Wash. 38(6): 99-145, 1936.) 
This was biographical in nature and its preparation required a 
great deal of painstaking research. As Recording Secretary, he 
prepared the minutes of the meetings from 1927-31 most of 
which were published in the Proceedings of the Washington 
\c ademy of Sciences 

He was elected to the Biological Soc ety of Washington in 
1921. He was Corresponding Sec retary 1933-43, Vice President 
1943-1946 and President 1946-1947 

In 1929 Mr. Wade was admitted to the Cosmos Club. He was 
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very proud of this honor, especially since he was sponsored by 
L. O. Howard, Chief of the Bureau of Entomology of the U.S. 
Department of Agriculture and co-sponsored by his immediate 
Chief, W. H. Larrimer, Head of the Division of Cereal and For- 
age Insects of the same Bureau. Throughout the rest of his life, 
Joe Wade was a familiar figure at the Club where he regularly 
attended the lectures and other activities and where he enjoyed 
entertaining his many friends. 

In 1930 Mr. Wade was elected to the Washington Academy of 
Sciences and here again he was a regular attendant. From 1942 
45 he was on the Membership Committee, in 1947 he was the 
Delegate of the Biological Society of Washington to the Academy 
and in 1949 and 1950 he was on the Scientific Achievement Com- 
mittee. 

Libraries had a particular fascination for Joe Wade but. of 
them all the Library of Congress was undoubtedly his favorite. 
In 1941 he prepared at the request of and for the use of the 
Library a list of his entomological and other publications for the 
period 1902-1941 inclusive, 528 titles with subject: index. In 
1955 he deposited in the Library a collection of 2,500 of his 
papers. He often said that among his happiest hours throughout 
many years were those spent at his desk in the Jefferson Room 
surrounded by books which he was consulting in connection with 
the preparation of his many manuscripts. He made many trips to 
consult books in the New York and Boston Public Libraries and 
the great Harkness Memorial Library at Yale in New Haven. He 
was well acquainted with the National Archives and often con- 
sulted its extensive files. 

No account of the life of Joseph Wade would be complete 
without reference to his church. A deeply religious man, he had 
abiding faith in its teachings. He was a regular attendant at the 
New York Avenue Presbyterian Church 

A constant student of the literature of the subjects in which 
he was interested, Mr. Wade published among others the follow- 
ing three major bibliographies on entomological subjects: 

“An Annotated Bibliography of the Hessian Fly, Phytophaga 
destructor Say.’ USDA Misc. Publ. 198, 100 pp., 1934 

“A Contribution to a Bibliography of the Described Im 
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mature Stages of North American Coleptera.”” USDA, E-358, 114 
pp. (mimeo), 1935. 

“A Selected Bibliography of the Insects of the World Asso- 
ciated with Sugar Cane, Their Predators and Parasites.’ 8 vo., 
cloth, 116 pp. Honolulu, Hawaii, International Society of Sugar 
Cane Technologists, Memoir No. 1, 1951. 

As a reviewer of literature, Mr. Wade accomplished a con- 
siderable feat by publishing a little more than 300 reviews of 
books and articles. According to his own classification, these fall 
into the following categories: biographical 12, biological 18, 
botanical 45, entomological 95, ornithological 23, travel and ex- 
ploration 64, zoological 28, miscellaneous 28. 

And so we come to the close of the life of a cultured gentleman 
of the old school, a distinguished writer and historian, and above 
all else a thoughtful and helpful friend to many more than we 
can well count. During his last few months he was in poor 
health following an operation in March from which he could not 
seem to recover fully. He died on New Year’s Day 1961 of a 
heart attack at his home in the Argonne Apartments in Wash 
ington, D.C, 

The following paragraph, found in his personal papers, ap 
parently written to describe someone unknown to us, so aptly 
fits Joe Wade himself (except for the statement as to “length of 
days’’) that we here quote it as a tribute to him: 

“While we may not lament the release of our friend and co- 
worker from pain and weakness, we deplore the loss of one in 
whom we recognize the highest qualities of intellect and per- 
sonality. Though denied the strength of body or length of days, 
it has been his high privilege to love nature and to extend widely 
the bounds of human knowledge. Possessed of unrivalled power 
of observation and depth of insight, broad culture, accurate judg- 
ment, and a kindly spirit, he has lived a life and accomplished a 
work which render his memory secure in the affectionate regard 
of his contemporaries, as well as in the unqualified admiration of 
all naturalists who may follow in the lines of his unique studies.” 

Mortimer D. Leonarp 


Waren H. Larrimer 


BOOK REVIEW 


OrriciAL Metuops or ANALYSIS OF THE ASSOCIATION OF 
OrrictAL AGRICULTURAL Cuemists, Published by Association 
of Official Agricultural Chemists, Box 540, Benjamin Franklin 
Station, Washington 4, D. C., Editor, Wittiam Horwitz, 9th 
Edition, 1960. Price $17.50. 


The 9th edition of the Official Methods of the Association of 
Official Agricultural Chemists, which is virtually a “bible” to 
many analysts in food, drug and agricultural fields, is a monu- 
ment to the arduous tasks of the many referees and associate 
referees engaged in proving new metheds and improving older 
ones. Although the former chapter on soils has been omitted, new 
chapters on disinfectants, and drugs in feeds, have been sep- 
arated from the chapters on pesticides and drugs, respectively. 
The use of chromatographic techniques for separation, detec- 
tion and identification of pesticides (and other materials) has 
been expanded. The pesticides amendment and the food addi- 
tives amendment to the Federal Food, Drug and Cosmetic Act 
have now made it imperative to have reliable and sensitive 
analytical methods for pesticides and food additives. Although 
methods for only two of the organic pesticides, DDT and para- 
thion, were in the previous edition, only eight more—Aramite, 
benzene hexachloride, captan, malathion, methoxychlor, pip- 


eronyl butexide, Sulphenone, and tetramethyl thiuram disul 
fide—have been found suitable for adoption by the AOAC for 
this edition. This is indicative of the time, effort and care needed 
to check a method for reliability in order to meet the rigorous 
standards required for its adoption by the AOAC 

There is a mistaken notion prevalent that chemists and tech 
nicians from industry cannot engage in collaborative tests of 
procedures; actually such collaboration is welcomed by AOAC 
referees. 

There are 832 pages compared with 1032 pages in the Sth 
edition, even though 125 pages of new material have been in 
corporated. This has been accomplished by the use of a larger 
page size and two-column format. A new decimal system for 
numbering sections and an expanded table of contents are other 
improvements. 

This volume is a “must,’’ not only for Federal, state, and 
municipal chemists, but for every practicing chemist in the food, 
drug, agricultural, or related fields 

MILTON S. SCHECHTER, 
Entomology Research Division, 
U.S. Department of Agriculture 





At the root of a 
100,000,000 


problem... 


Smaller than these dots .. . the nema- 
tode is destructive enough to cause 
more annual damage to agriculture 
than any insect known to man. 


Nematodes choke off the roots of 
plantsso that nourishment which would 
normally be gained from the soil is 
severely reduced. When nematodes in- 
vade a field, the plants wither, their 
growth is stunted and in extreme cases 
the plants die. 

Shell Chemical Company, a pioneer 
in the field of nematology, working 
closely with federal, state and local 
agricultural specialists, has developed 
two outstanding soil fumigants for pro- 
tecting plants from nematode damage. 
They are D-D® Soil Fumigant for pre- 
planting application and Nemagon® 
Soil Fumigant, a potent soil fumigant 
which can be used for treating living 
plants. Both of these products have 
been used by farmers all over the world 
in the never-ending battle against the 
nematode. 
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agricultural community grow bigger, 
better yields for a growing America, 
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INSECTICIDE 


ORTHO DIBROM 


gives fast effective insect kill 
close to harvest without residues. 


Here’s how new ORTHO DIBROM* helps you! 


Fast, effective kill of the most troublesome insect pests—mainly by contact 
action. In many instances kill will be noticed while still spraying. Most kill is 


noticed within one-half hour. 


Can be used within 4 days of harvesting. OR THO DIBROM has a residual 
life of only a few days, making possible application close to harvest. Registra- 
tion for ORTHO DIBROM has been obtained on a no residue basis, thus no 
tolerance is required or established. 


Safer to handle. Much less hazardous than most phosphate and certain chlori- 
nated hydrocarbon insecticides. 

Compatible with most fungicides and insecticides, except highly alkaline 
materials. Available in two forms—ORTHO DIBROM 4 Dust or ORTHO 
DIBROM 8 Emulsive. 





CALIFORNIA CHEMICAL CO. 
ORTHO DIVISION 


RICHMOND, CALIFORNIA 





WASHINGTON, D.C. 


ATLANTA, GA. A 


ON ALL CHEMICALS, READ DIRECTIONS AND CAUTIONS BEFORE USE e 39 
wey Pac heyyy teem be “Helping The World Grow Better 


* DIBROM IS THE TRADEMARK OF CALIFORNIA CHEMICAL CO. 
FOR PHOSPHATE INSECTICIDE. 
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Practical Books for the 
AGRICULTURAL CHEMICAL LIBRARY 


CONCENTRATED SPRAY EQUIPMENT 
Mixtures & Methods of Operation 
By S. F. Potts 
650 Pages—$12.50 in USA—$13.50 elsewhere 

This book provides a thorough and up-to-date coverage of concentrated 
sprays, a relatively new concept in the application of agricultural chemicals. 
It will meet the requirements of custom applicators, growers, foresters, muni- 
cipalities, etc. 

The broad field of concentrated spray application has grown rapidly over the 
past few years so that today several times as many acres now are treated with 
concentrated spray as with conventional spraying and dusting. As a result 
many types of hand, ground, and aerial equipment have been developed for 
the application of myriad spray formulations and combinations. This book 
brings together and clarifies the fundamentals and potentialities of this whole 
subject. 


HANDBOOK OF AGRICULTURAL PEST CONTROL 
By S. F. Bailey and L. M. Smith 
190 Pages—$3.25 in USA—$3.75 elsewhere 
\ practical handbook for the custom spray operator, the pest control operator, 
farm advisor, agricultural chemical salesman and field workers. ‘This hand- 
book covers the agricultural chemicals (insecticides, fungicides, herbicides, 
plant hormones and nutrient sprays, defoliant, etc.), their rates of application, 
useful formulas, as well as chapters on fumigation, spray machines, toxicology, 
dusts and dusting, aircraft, and mosquito control. 


HANDBOOK OF INSECTICIDE DUST DILUENTS AND CARRIERS 
By D. E. Weidhaas and J. L. Brann 
250 Pages—$4.75 in USA—$5.25 elsewhere 
Commercial information and data based on research conducted at Cornell 
University and that supplied by basic manufacturers of the insecticide dust 
diluents and carriers. 


DORLAND BOOKS 
P.O. Box 31, Caldwell, N.J. 


We are enclosing our check covering the cost of the books checked below. We understand 
that we may return the book (or books) in ten days for a full refund. 
HANDBOOK OF AGRICULTURAL PEST CONTROI 
HANDBOOK OF INSECTICIDE Dust DILUENTS AND CARRIERS 
] CONCENTRATED SPRAY EQUIPMENT 
Name 
Company ...... 
Address .. 


City and State 

















VELSICOL 


INSECTICIDES 


Versatility and lasting residual action have made them useful 
throughout the world for control of insects that attack homes 
and gardens, damage crops, and carry disease. 








for 
soil insect control 
in 
agriculture! 





In hundreds of soil insect 
control tests conducted since 
its introduction, Heptachlor 
has proven to be a most 
efficient soil insecticide 
for use on corn and other 
major crops. 
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HEPTACHLOR 


ENDRIN 
.-.for 
hard to kill 


pests 
of major crops! 


Endrin is relatively 
new, but 1960 saw the 
development of many 
new uses for this 
powerful, versatile 
insecticide. Apples, 
potatoes, cotton and 
other crops were ex- 
tensively treated with 
Endrin during the 
past year. 








CHLORDANE 


..- for termite, public 
health, household, 
lawn and garden 
insect control! 


Chlordane continues to be 
a most popular insecticide 
with pest control operators 
and homeowners. It has an 
excellent safety and per- 
formance record. 





TECHNICAL INFORMATION AVAILABLE ON REQUEST FROM 


(Sag VELSICOL CHEMICAL CORPORATION 
y 330 East Grand Avenue, Chicago 11, Illinois 


Velsicol International Corporation, C.A., P.O. Box 1687 — Nassau, Bahamas, B.W.I. 











‘ \ microbial insecticide — 
a NEW approach 
to insect control 


This new weapon against insects 
has created considerable interest, 
particularly where residues on 
crops are a problem. BAKTHANE® 
L.-69 contains, as active ingredient, 
a pure culture of 75 billion viable 
spores of Bacillus thuringiensis 
Berliner per gram. These spores 
control certain insects, like 
imported cabbage worm, cabbage 
looper, artichoke plume moth, 
tobacco budworm and hornworm, 
when ingested by them. BAKTHANE 
L.-69 may be applied as a wettable 
powder, as a dust, or as a bait, and 
is suggested as a replacement or a 
supplement to chemical insecti- 
cides. Presently recommended for 
use on the following crops: cab- 


bage, cauliflower, broccoli, celery, 
lettuce, potatoes, artichokes, and 
tobacco, BAKTHANE has also 
proved valuable to many other 
crops in preliminary tests. This 
new kind of insecticide has been 
exempted from residue tolerance 
requirements on the crops men- 
tioned, plus alfalfa, apples, beans, 
cotton and spinach. You can use 
it right up to harvest. Contact 
your dealer for timing and dosage 
directions. 
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is in insecticide spraying 


Year after year, Spraying Systems spray nozzles and spray guns demonstrate 
their superiority in the spraying of every type of liquid insecticide. Reason for 
this is advanced hydraulic design plus precision in manufacture. Uniform 
spray distribution, exact control of volume, and accurate spray pattern are a 
few of the dependable advantages of Spraying Systems equipment. The favorite 
spray nozzles and spray guns in experimental work, Spraying Systems TeeJets, 
Trigger TeeJets and GunJets offer maximum reliability in commercial and 
government controlled insecticide spraying. Write for information on these 


Spraying Systems products: 


TeeJet Spray Nozzles 


be 


Supplied with male or female connection, in 
choice of over 400 interchangeable orifice tips. 
Give full range selection to meet any require- 
ment. Flat spray, hollow cone, full cone and 
straight stream types. For all liquids including 
those with suspended solids. For use with boom 
or gun type sprayers. 





with interchangeable 
orifice tips 
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Trigger 
TeeJet 
Shut-Off Valves 


For use at any pressure up to 250 

pounds. Light in weight and easily 
handled. Fits comfortably in hand. 
Positive shut-off valve with lock. For 
use with all TeeJet interchangeable 
orifice tips. Supplied with or without 
large capacity strainer in handle. 


GunJet 

Spray Guns 
Precision built guns for 
pressures from 30 to 800 
pounds. Ruggedly built 
for hard use. Handle adjusts 
spray from straight stream to 
hollow cone. Long life hard- 
ened stainless steel orifice tip. May 
also be used with full range of 
TeeJet interchangeable orifice tips. 









Spraying Systems products are sold by original equipment manufacturers everywhere 
as a part of the equipment they build ... or are available directly from Spraying 
Systems Co. for application in experimental work. Products also include strainers 


and fittings required in spraying. 


FOR INFORMATION ... write for general catalog No. 30... Bulletins 66 
and 71, BoomJet Spray Nozzles ... Bulletins 65, 69 and 80, GunJet Spray 
Guns ... and Bulletin No. 68, Trigger TeeJet Shut-Off Valves. 


SPRAYING SYSTEMS CO., 3218 Randolph Street, Bellwood, Illinois 








NEW THIRD EDITION 
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HANDBOOK OF PEST CONTROL 


By Arnold Mallis 


This newest reference book deals primar- 
ily with household and industrial pests— 
insects, rodents, etc., their life cycles, habits, 
identification and latest chemicals, methods 
and techniques for their control. It is the most 
complete work of its kind offered in a single 
volume. 


This up-to-the-minute book should be in 
the library of every pest control operator, 
insecticide manufacturer and marketer, en- 


tomologist, chemist and others interested in 
pests and their control. 


It is recommended by educators as a text 
book in various college courses in ento- 
mology. 


The HANDBOOK OF PEST CONTROL 
measures six by nine inches, has a sturdy 
grey cloth binding, gold stamped. It com- 
prises 26 chapters for a total of 1132 pages, 
printed on glossy, high-finish paper. 


TABLE OF CONTENTS 


Rats and mice 


Wood-boring, book-boring 


Bees and wasps 


Silverfish and related beetles Stored product pests 
Springtails ——s — or ptinid beetles 
Cockroaches Bed bugs and other bugs ae 

Earwigs Clothes moths Flies and mosquitoes 
Termites Household fumigation Spiders 


Decay fungi 


Hide and carpet beetles 


Mites and ticks 


Miscellaneous household pests and chemicals used in their control 


1132 PAGES—OVER 250 ILLUSTRATIONS 


*Add 3% sales tax if in New York City 
(Check must accompany order) 
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side North America and U. S. Possessions. 
FAIRFIELD BASE FAIRFIELD 
CHEMICALS CONCENTRATES, 
Vol. I SarcopHaGa AND ALLIES OF NORTH AMERICA, 
BASES 
by J. M. Aldrich. 301 pages + 16 black 
PYRENONE Combinations of and white plates. $4.50 
piperonyl butoxide 
and pyrethrins in Vol. IL THe PLEcopTERA OR STONEFLIES OF AMERICA 
liquid and powder form Nortu OF Mexico, by J. G. Needham and 
PIPERONYL eigenre sas sia aid 
BUTOXIDE . TECHNICAL, DUST ae eT rn eee ee 
BASES black and white plates and 29 figures. 
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flushing, fast knockdown and kill...adds wie ner Dover $1.00 
prompt. positive, powerful action... the vital. pages, Pep ; ’ 
visible action that builds product sales and - 
confidence. Catalog plus the Supplement. $8.00 


Consult or write your nearest Fairfield Rep.. 
for complete technical data on specific uses. 
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